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PSYCHOGENIC REGIONAL PAIN ALIAS HYSTERICAL PAIN! 


BY 


ALLAN WALTERS 


(From the Toronto General Hospital and the Department Medicine, 
University Toronto) 


THE title this communication Psychogenic Regional Pain—alias 
Hysterical Pain. Under this heading shall speak those pains that 
patients feel their bodies, and for which the clinician finds physical 
lesion peripheral kind pain often called 
pain. When persists unrecognized tends elude investigation and 
defy treatment. may come neurologists and neurosurgeons under 
suspicion serious neurological disease problem intractable 
pain. Such pain problems have not been uncommon experience. 
search through private files revealed 430 cases since 1950 which 
could sure this kind pain occurred. For this occasion today 
have chosen describe some features and problems which this series 
displayed. Many these patients had been seen other specialists 
and came for neuropsychiatric study late, after much investigation and 
trials treatment. per cent this group, i.e. one out every five, 
had been sent neurosurgeon with defiant pain problem for surgical 
consideration. 

This series shows that the range psychiatric background extends well 
beyond hysteria include most the other nervous and mental states. 
Furthermore, theories hysteria not appear account for the 
production all these pains. The term “hysterical” pain, then, may 
confusing. shall suggesting, alternative, that the term 
pain brought into widest usage denote 
these pains. This term descriptive, accurate and definitive. These 
pains have long been observed arise symptoms mental 
emotional disorder. such they are psychogenic. The sites the 
body where the pain felt not conform the sites pain with local 
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physical lesions, nor the metameric provinces referred physical pain. 
The pain felt region contiguous parts with various innervations, 
rather than province parts commonly innervated. such 
regional. 

The term psychogenic regional pain will also define this kind pain 
among other psychogenic pains. Our old labels pain, 
pain are, course, useless for such 
accurate distinctions. When study pain need keep mind 
that there are least three quite separate ways whereby psychological 
factors can evoke pain: (1) Psychogenic magnification physical pain. 
Our physical pains all grow stronger when they are our minds. 
(2) Psychogenic muscular muscles tense under emotion the 
person may experience muscular pain and referred pain from such muscular 
action. The well-known tension headache, many cases so-called 
and the pains spastic colon are examples 
(3) Psychogenic regional are the pains shall talk about 
today—where peripheral cause for pain can found, where the pain 
regional site, and psychogenic its evocation. shall speak 
more the first two types psychogenic pain, psychogenic magnification 
physical pain and psychogenic muscular pain, but shall confine 
remarks psychogenic regional pain. 


Case illustrates these difficulties nomenclature. 
Case (fig. 1).—Mrs. Ace, age Depression and Conversion Hysteria 


This conscientious secretary had become depressed and exhausted continual 
overload and frustration office for five long years. One night she reached her 
breaking-point. She suddenly felt bullet-like pain flash through her manubrium 
sterni and out her neck. The thought flashed through her mind: “I’ve got coronary 
thrombosis just like father had nursed beloved father his death 
from coronary disease. She collapsed into fear heart disease. For one whole 
year she had continual pain the left upper limb and very tender anterior chest. 
early diagnosis coronary thrombosis gave way cervical spondylosis. She 
was finally sent neurosurgeon, Dr. Botterell, who found structural 
disability, reassured her, and asked see her. Her fearful, grievous and 
demoralized state was evident and her pain was very distressing. was possible 
establish that this was so-called pain with background 
The left arm had pain, weakness and tenderness hysterical quality. 
Her history was loaded with trouble. Her pain would fade completely with sodium 
amytal grain, intravenously. She recovered completely when she accepted 
reassurance and worked out programme for new way life free stress. Her 
pain and tenderness vanished soon hope returned and her spirits rose. 


The difficulty here was that the patient did not appear but, 
the contrary, was depressed and defeated state result 
situational stress. She resembled demoralized patient with physical 
pain. The traditional picture hysteria patient who 
remarkably little bothered symptoms and has typical state 
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pain 


hyperalgesia 
weak 


respiration 


Fic. Ace. depression plus conversion hysteria. Duration one 
year. 


emotional calm. Our patient’s state had little resemblance 
classical picture hysteria and yet she undoubtedly had the same type 
pain and tenderness and motor weakness that one finds 
hysteria. 

this case and many others, clinician were demand setting 
emotional calm and comfortable invalidism before suspecting this 
kind pain, might overlook patients who have great deal distress 
and discomfort and who have this type pain. such cases the term 
may, like alias, hamper recognition. contrast, 
the term regional pain” leaves the clinician with the 
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obligation find the clinical setting out which the pain arising; and, 
furthermore, urges study the various ways these pains come and 
how they may made go. 


CLINICAL REVIEW PSYCHOGENIC REGIONAL PAIN 


Now let examine the 430 examples this kind pain that appeared 
the series. 


(1) Sex and Age fig. 

not surprising that the great bulk the problems arose the 
years between and 60. These are the years desire and stress. The 
ratio males females about the usual proportion the 
psychiatric side practice. 


(2) Source Referrals (Table 


TABLE 
No. 

Source referral cases 

General practitioner 165 

Surgical specialist 159 
Neurosurgeon 
Gynecologist 
Otolaryngologist 
Urologist 
Ophthalmologist 
Workmen’s Compensation 

Internist 

Total 


Almost two-thirds (63 per cent) these problems were sent from 
general practitioners and medical specialists. This group were more 
often asking for general psychiatric opinion and assistance treatment. 
The pains here were frequently intercurrent and incidental. The surgical 
specialists, the other hand, were seeing over one-third (37 per cent) 
the stream this type pain. They were usually seeking help the 
diagnosis pain. The 118 referrals from neurosurgeons, orthopedic 
surgeons and the Workmen’s Compensation Board together amount 
over one-quarter the whole series and these were all requests for 
assistance the study and management difficult intractable pain 
problems. 


PSYCHOGENIC REGIONAL PAIN ALIAS HYSTERICAL PAIN 


SEX AND AGE DISTRIBUTION 
PSYCHOGENIC REGIONAL PAIN 


temale 


cases 


20- 30-39 40-49 50-59 60-69 70-79 


total cases 430 female 299 


(3) Sites Pain (Table IT) 
TABLE 
No. 

Regional patterns pain cases 
Low back and lower 112 
Upper and lower limb same side 


The sites the painful regions were difficult present table since 
the distribution pain had such variety patterns. Headache was 
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the most frequent psychogenic regional pain. Pains the region 
the heart were next most common. Excluding the pains anterior chest, 
genitals and abdomen, nearly four-fifths (79 per cent) these pains 
came head, back and limbs. 


Table regional patterns pain were studied counting the 
total frequency with which pain appeared these regions. This assembly 
points the diagnostic problems that psychogenic regional pain might 
imitate resemble. This type pain can expected present for 
neurological diagnosis frequently. 


(4) Diagnostic Procedures 


investigations these pains amount holistic search for 
whatever factors—physical, psychological social—may operating 
the production pain symptom sign. Office patients 
hospital there any need expand investigation carry out intensive 
programmes treatment. the physical side prefer investigate, 
when any doubt, rather than under-investigate. The cases this 
series have been scrupulously combed for physical lesions. The histories, 
the neurological and psychiatric investigations, and therapies are done 
myself with little assistance from the resident house staff. This 
amounts good deal personal work with each patient—from three 
thirty hours, with average fifteen hours per patient. must 
evident now that this painstaking type psychiatric practice, 
using neurological and medical procedures keep the diagnostic side 
straight. 


(5) Features Psychogenic Regional Pain 

(a) Quality.—It well known that these pains are often described 
the language metaphor simile: head feels squeezed 
“The pains through left breast like knife and out 
knee feels someone twisting the knee These 
are not bizarre vague symptoms but are indications more complex 
perceptions pain than are generally experienced with simple physical 
lesions. Psychogenic pains may also described simple terms such 
and the history may closely 
resemble simple physical pain. 

pains, even though they are without known peripheral 
stimuli, are felt definite sites the body. locate all pain 
perceiving points the perceptual form our body that has been 
called the body image. painful area the body image may any 
size shape. When the patient says his pain feels like lump, some- 
thing pressing expanding, like core rod, describing 
painful volume the body image. The pains may travel quite un- 
anatomical directions; may stab shoot through; may flit about; may 
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felt all over. The boundaries region pain are independent 
the physical innervation those parts London fog indifferent 
borough boundaries traffic routes. Case illustrates painful 
regional volume with surface hyperalgesia. 


pain 


hyperalgesia 


weak neck 
chest 


Fic. 3.—Mr. anxiety. Duration one year. 


Case (fig. 3). Mr. Adam, age Anxiety 

banker developed left chest pain with fear heart disease while under situational 
stress. This was psychogenic regional pain which had persisted for year constantly. 
The whole region back and front was pain from the left submammary level the 
left groin. said: hurt chest where feel that something may kill me, and 
feels big log pressing down into the left groin all the The surface 
this region was hyperalgesic. His neck and respiratory movements showed 


ALLAN WALTERS 


functional weakness. this vanished rapidly when was effectively reassured 
cardiovascular threat and when some contributory stresses his office were 
removed. 

While the sites psychogenic regional pain are they 
seem determined psychological factors. The psychiatric 
history may reveal that the patient threatened injured emotionally 
and that the pain his body part his hurt feelings. association 
can usually found between (1) the site the pain, (2) some previous 
emotional hurt which involved the same site, and (3) some present life 
situation which reminiscent of, analogous to, the past experience. 
This triple psychological bond illustrated Case 


Case 3.—Mr. K., age 36. Situational Anxiety and Conversion Reaction 

This man suffered left facial pain for one year. Dr. Botterell excluded 
tic douloureux and sent him atypical facial neuralgia, likely psychogenic 
regional pain. found psycholegical trigger spot: the pain was evoked symbols 
being alone, especially empty seat beside him cinema. His psychological 
sore was that drank, had lost his first wife because this, remarried and then had 
his second wife upset his drinking. One night she slapped his left cheek she 
threatened leave. For the next year remained sober but the left face pain set 
the site where had been slapped. The pain vanished temporarily with sodium 
amytal grain, intravenously, and recovered completely with psychotherapy and 
rehabilitation. His wife was co-operative and was assisted with his alcoholism. 

(c) Variation—These regional pains 
expressions mental activity and such show greater variability and 
susceptibility mental influence than pain from simple physical lesions. 
The powerful roles attention, suggestion, previous life experiences, 
desire, attitude, and the emotional state are well known. These pains 
may come and with the life situation, the physician, and the physical 
and mental state the patient. 

(d) Associated physical symptoms psychogenic regional 
pain are always associated with one more five kinds physical 
signs: (1) motor deficits, (2) tenderness, (3) sensory deficits, (4) changes 
contact reflexes, and (5) vegetative changes over the body surface. 
These signs have those features commonly called hysterical. find 
these physical signs means confined hysteria and they 
are often present with the pains present other neuroses, situational 
states and psychotic states. Functional motor weakness 
found almost all cases and hyperalgesia with most. Sensory loss 
less common but not infrequent. experience, changes the 
corneal reflex and vegetative changes are rare. 


Case (fig. 4).—Mr. A., age Neurosis and Conversion Hysteria 

painter had domestic trouble and collapsed into demoralized, unhappy state 
when his right shoulder was struck industrial accident. did not appear 
hysterical and was considered rotator cuff injury. For three years suffered 
pain the right shoulder and through the outer surface the right upper limb. 
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pain 


hyperalgesia 


sensory loss 


weak RUL. 


Fic. 4.—Mr. Traumatic neurosis plus conversion hysteria. Duration three 
years. 


forceful kinetic movements this limb were weak. strip hyperalgesia and 
anesthesia all cutaneous stimuli was sharply demarcated the outer side the 
limb. This was the surface the region where received his pain. These features 
could all temporarily banished small doses sodium amytal intravenously. 
was completely rehabilitated combination psychotherapy, E.C.T., and 
resolution his domestic problem. The co-operative assistance the Ontario 
Workmen’s Compensation Board was great help achieving this result chronic 
traumatic neurosis with primary compensation motive. 


These signs may appear with the pain psychotic states, Case 


Case (fig. 5).—Mrs. G., age State and Conversion Hysteria 
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pain 


hyperalgesia 


weak- entire 
left side 


Fic. 5.—Mrs. Paranoid state plus conversion hysteria. Duration sixteen years. 


This woman has had, for fifteen years, delusions that she being slandered. 
the same time she has had this left-sided regional pain centring her hip and 
associated left-sided hyperalgesia and weakness. She has been thought hip 
disease back disease some. wise family doctor has kept her from surgical 
exploration. 

depressed states the pain and the signs may appear with the drop 
mood and vanish with recovery normal spirits. This, find, 
common setting for these pains. Case example. 


Case (fig. 6).— Mrs. A., age Depression 
This woman has bouts severe depression. one she felt she was facing 
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pain 


hyperalgesia 


Fic. 6.—Mrs. Endogenous depression. Duration for periods three six 
months. 


hopeless impasse. She developed chaplet constricting headache 
tender eyes which she could not use prolonged forceful action. All this cleared 
her mood and outlook improved. 


The contact reflexes, such corneal pharyngeal, may impaired 
the surface the region has psychogenic sensory loss. 


Case age and Conversion Reaction 


This man suffered psychogenic regional pain the left eye and ear together with 
functional weakness and total sensory loss his entire left side. His corneal reflex 
was absent long was awake and was present soon was asleep. 


weak-eye movements 
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With intravenous sodium amytal when was drifting and out sleep, the corneal 
reflex would return with the onset respiratory sleep rhythm and vanish when 
was roused ever slightly from this. sensorimotor blockade this case required 
wakefulness, but only barely awake, and persisted despite toxic stupor, minimal 
awareness and little volition. 


Among vegetative changes brisker pilomotor reflexes are not un- 
common the painful region. Local changes sweating and focal 
dermatographia have not been observed. Local inflammatory reactions 
have been observed. example this Case 


Case (fig. D., age Traumatic Depression and Conversion Hysteria 


hyperalgesia 


ensory loss 


pood 
~ 
~ 
peed 
~ 
pees 
pooe 
~ 
~~ 
— 


weak 


painful sore 


irritable left eye 


Fic. Traumatic depression plus conversion hysteria. Duration twelve 
months. 
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This had minor region his left eye connecting major region his 
left hip strip along his skull and down his spine. The regions were painful and 
the surface was hyperalgesic. The left face, arm and leg were functionally weak. 
The left eye developed pain and tears when stimulated bright light cotton- 
wool the surface. The right eye did not tear thus. Continued stimulation could 
produce slight injection the left eye and not the right. This vegetative change 
was clearly local and regional, with the left eye alone hyperirritable. The left eye 
was reacting harmless stimuli they were physical irritants. 


effects may appear the region together with 


psychogenic regional pain that clearly independent the local tissue 
changes the Case shows this. 


Case 9.—Mrs. R., age Anxiety and Conversion Hysteria 

This woman develops local regional pain readily when she feels hurt and angry and 
cannot express these feelings. Angioneurotic may appear the region, but well 
after the stabs pain set in. This has occurred repeatedly her left 
ear has reacted harsh criticism came over the telephone. Her left eye reacted 
saw hated rival garden party. this occasion the right eye was covered 
with large hat brim, was not exposed the visual threat, and did not react. 


Thus, would appear from this series that are never dealing with the 
pain alone sensory disorder perception. The pattern least 
sensorimotor, and the most sensorimotor-vegetative-reflex. What 
really are facing local automatic regional behaviour. This view the 
matter composes the associated physical signs, together with the pain, 
representing mental injury physical forms perception and regional 
action. This syndrome could well called the 


(6) Psychiatric Background 
The variety psychiatric disorders the 430 cases are presented 


Table III. 
TABLE III 


Psychiatric background psychogenic No. 

regional pain cases 

Conversion hysteria (in pure 

Paranoid 
Other depressed states 
Manic states 


Other neuroses and situational states 336 
Total 


(a) Pure Hysteria (26) were distinguished their appearance calm 
except when they were describing their pains. 
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(b) Psychotic States (68) included paranoid states (3) and schizophrenic 
states (18). The agitated depressions (7) otherwise known involutional 
melancholia, and the other depressed states (38) were all hopeless with 
black outlooks and often suicidal. The manic states (2) had shortlived 
pains during phases excitement. 


(c) Other Neuroses and Situational States (336). These patients were 
all uncomfortable and emotionally upset. present neat catalogue 
these patients standard psychiatric nomenclature would injudi- 
cious. You know well that two psychiatrists seeing the same 300 such 
patients will sort them out differently. For our purposes this large 
group can taken whole. All varieties neuroses and psycho- 
neuroses were represented, including the traumatic neuroses. Situational 
states with large stress and rare breakdown formed least one-third 
the group. These 336 patients had wide variety psychological 
constitutions, emotional maturation and personality development. 

From this think may conclude that psychogenic regional pain 
not indicator one type psychological illness nor one type 
person. The background this pain necessarily 

There did appear one sequence events that was common all 
these patients. These patients all have had some period adapting 
adequately and many them have had long periods feeling well. 
They all have lost their state well-being when faced with situations 
which were more than their resources could comfortably cope with; 
some point, early late, they move down into decline with rising 
anxiety, waning adaptive capacity and emergent defence mechanisms. 
some point this decline, when the patient losing tolerance, some 
stimulus arises which carries from the past the present noxious 
significance for the patient. The presentation this evoking stimulus 
seems trigger pain mechanism and the patient finds himself with 
region his body pain and with that region acting were injured. 


(7) Treatment 

The matter treatment aside from the main issues this paper. 
few remarks, however, may appropriate. treatment the problem 
pain finds its place among the other problems each case. One uses 
any measure, physical, psychological social, get improvement. 
The patients with pain are treated principle different other 
psychiatric disorders and the background their emotional troubles 
the centre attack. suspect that important factor the physician’s 
conviction that the pain pain which, like any other pain, should 
pursued sound diagnosis and utmost relief. Patients become 
ready partners such terms and their full co-operation essential for 
the best results. Three-quarters patients obtain relief their 
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pain and get over their troubles. The frailer folk who are chronically 
tender tend keep their pains get them back the next reverse 
fortune. this group, however, are helped medical support, 
especially when they have good and wise family physician. 


DISCUSSION SYMPTOM PRODUCTION 

(1) Psychopathology 

not know how these psychogenic regional pains and regional 
patterns injury are produced. Contributing factors stress seem 
set the stage; powers adaptation decline; and precipitating stimulus 
which carries noxious meaning evokes the response. Beyond this 
not know the efficient cause, i.e. that process brain and mind which 
leads the perception pain, once the stage set and the stimulus given. 

our ignorance can accept any tentative hypothesis symptom 
production? Some hypothesis may better than hypothesis. Can 
these pains the direct expressions emotion? Some these patients 
seemed feeling both bodily and mental pain together. patient 
may have pain the region his heart, while fears heart disease 
his mind. The physical pain seems physical sense danger going 
hand hand with mental sense danger two signals state 
personal danger. The chest pain appears evoked excitation 
central sensory innervations within the brain the same way that 
autonomic response can excited produce sweating and cardio- 
vascular effects direct expressions the total emotional state. 
know that decline into emotional and less logical forms 
behaviour our body reverberates with mentation greater consonance. 
Evidently when get into certain states mental tenderness can 
perceive bodily pains direct reflections our mental sense injury. 

Can these pains sometimes substitutive expressions, i.e. perceptions 
for some idea that too unbearable perceived our thoughts? 
Such pains would sensory equivalents” when are thus 
restrained from thinking and acting feel. This where two 
concepts are use: (1) Conversion, and (2) Conversion Hysteria. 
conversion Freud (1924) denoted process mind which unbearable 
mental ideas were actively held back from awareness, and substitute 
expressions appeared the form sensory-perceptive and voluntary 
motor physical phenomena. conversion hysteria Freud denoted, 
not mental process, but frail psychological state. grouped those 
patients who frequently and readily developed sensory motor signs 
hysteria under the banner considered that 
they had psychological growth their childhood which left them with 
unbearable memories past experience. They were, thus, predisposed 
react stress substitutive conversion process. 

Among the patients with psychogenic regional pain series, some 
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had predisposition develop sensory and motor functional symptoms 
and signs. Their pains also seemed substitutes for painful 
reminiscences that were not uppermost their mind. qualified 
conversion hysteria. the other hand, many patients lacked 
history predisposition hysteria, especially those sturdy people who 
had their pains only under large duress. They did not have the hysterical 
background but they had the conversion process. They could found 
holding back ideas out awareness were restrained from 
expressing themselves fully. These cases seemed examples pain 
produced conversion alone. 

Are there any other explanations account for some the psychogenic 
regional pains? Psycho-analytical theory has not offered systematic 
explanation the pains that occur neurotic depression and some 
the neuroses. psychotic states, somatic pains without obvious cause 
have been left somatic hallucinations and 
(1945) suggests that physiology will have provide part the answer. 

summary, then, psychogenic regional pain and its patterns injury 
may produced: (i) direct emotional expression. sub- 
process conversion alone. (iii) substitutive process 
conversion with conversion hysteria. (iv) 
especially the psychotic states and some the more obscure neuroses. 


(2) Neurophysiology and Perception 

Faced with much ignorance the efficient causation these pains 
and patterns, one turns what know neurophysiology and percep- 
tion. the neurophysiological side there must elaborate ceniral 
sensory arrangements the brain and spinal cord serve these extra- 
ordinary facts our perceptual life. What they are one knows. 
The recent new insights into cerebral physiology tempt speculation but 
are little immediate use. 

When come the process perception there are two characteristics 
psychogenic regional pain that may relevant. The pain has: (i) the 
attributes remotely localized perception, and (ii) the attributes 
peripheral stimulus. the strictest sense the word all psychogenic 
regional pains are hallucinations, that is, sensory perceptions with 
peripheral stimulus. Breuer (1957) took this view hysterical pain. 
Now worth recalling that most forms hallucination can evoked 
central brain excitation was well psychological factors. The 
auditory, visual and olfactory examples are well known. Thalamic 
pain would seem instance where pain can excited centrally 
lesion within the brain. The pain felt the contralateral half 
the body where there exciting cause. say the pain remotely 
localized and not usually think hallucinatory. However, 
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case could made for considering thalamic pain hallucination 
pain the same way one speaks uncinate hallucination smell. 
Psychogenic regional pain, although evoked psychological factors, 
can thought likewise, both hallucinatory pain and pain 
remotely localized. The noxious stimulation proceeding the 
mental level and its effect appearing the somatic field pain and 
pattern injury. This remote localization from mind body within 
the fields perception—from the field where perceive mental events 
the field where perceive physical events. may useful, then, 
keep mind what know about the general topics remote 
localization and hallucinations when study these regional pains. 

Germane the processes localization within perception are the 
frames mind get into dissolve into disturbed states. 
decline under stress there doubt that shift from the way 
perceive our more logical moments. For one thing, localize our 
mental life less accurately. blame suspect others; have aches 
and pains instead thoughts; and may even hear voices echoing our 
feelings us. fact, remotely localize more readily, locating 
the outer world, our body, what actually taking place ourselves. 
Emotional forms expression are less verbal and more pictorial. This 
clear from our use music, poetry and art. The same fact seems 
show through the use phantasies, hallucinations and delusions which 
speak imagery. the same vein, this psychogenic pain syndrome 
seems bodily image mental injury. And symbolization 
function the nervous system, Russell Brain (1959) has recently 
reminded us, expect that the brain may have something important 
all this. 

SUMMARY 


summing up, then, may say: 

(1) Physical pain can evoked psychological factors somatic 
hallucinations which are remotely localized from mental sites and per- 
ceived pain bodily regional sites. 

(2) The attributes these pains are the same settings neuroses, 
psychoses and situational states. 

(3) These pains occur part pain syndrome which may include 
sensory, motor, vegetative and reflex signs. The syndrome regional 
behavioural expression personal state danger injury. 

(4) These pains can expected appear frequently neurological 
and neurosurgical practice. The majority them can effectively 
treated applying psychiatric procedures within holistic method 
study and treatment. 

(5) The current concepts conversion and conversion hysteria not 
account for all these pains. some the pain and behaviour injury 
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would seem direct emotional expressions personal injury; 
others the efficient cause not explained. 

(6) suggested that the term discarded since 
may misleading and also often misunderstood patients, families 
and lay bodies. time for the old label killed and 
buried. For there magic words, the magic meaning, and 
physicians should avoid terms that can mislead harm. 

(7) Regional Pain” offered accurate designation 
for these pains which come and under the influence meaningful life 
situations and are felt region the body. This term might well 
brought forward into widest use. 
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RECEPTIVE AMUSIA: CLINICAL ANALYSIS 


The Dr. Gh. Hospital, Bucharest 


THE musical functions are particularly interesting aspect brain 
activity. However, these functions are not general feature man- 
kind. There are many normal people whom they are not 
all developed and this fact may explain why publications dealing with 
amusia are scanty, especially compared with those concerning the 
troubles spoken written language. 

Research the field amusia has also been hampered the fact 
that routine practice there was available for practical 
investigation tests for the examination musical disturbances. 
think this fact may explain why such valuable works those 
Henschen (1925), Klein (1927), Kleist (1928), Feuchtwanger (1930), 
Jellinek (1933) and Ustvedt (1937) have not succeeded achieving 
clear and conclusive analysis this “highly complicated 
(Monrad-Krohn, 1958). 

have proposed testing system the musical functions (Wertheim 
and Botez, 1959), the principle which the adjustment the different 
tests the patient’s musical level, the basis classification 
individuals according their musical aptitudes and training. number 
tests are found our scheme, means which the finest 
disturbances musical functions may revealed. 

first applied our battery patient with frontal tumour who, 
after operation, transient expressive dysphasia with dysprosody 
and expressive dysmusia, the characters which have been described 
detail (Botez and Wertheim, 1959). That case, however, which 
implied some problems cerebral dominance and handedness, con- 
cerned musician without any musical training who ignored 
musical notation and had theoretical musical knowledge. 

now present the result the application our testing system 
right-handed man with vascular left-brain injury, having superior 
musical aptitudes and training. This patient displayed predominantly 
receptive amusia, the characteristics which are analysed. 
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CASE REPORT 


I., aged 40, right handed, violin-player profession, was admitted 
Gh. Hospital July 1958, for paralysis the right limbs with 
predominantly receptive dysphasia. 

The patient, highly cultured man, was trained the musical high school. 
1942 the patient had luetic chancre and was given appropriate treatment (all 
serologic reactions were negative). During the last five years has been suffering 
from increased blood pressure (with maxima 200 mm.Hg). 

History.—In February 1958, apparently normal health, had sudden stroke 
with total right hemiplegia, severe mixed aphasia, drowsiness and incontinence. 
the following months the patient’s condition improved certain extent (general 
condition well motor and speech disturbances). 

General examination after admission—Upon somatic and visceral examination, 
abnormality was found. Blood pressure was 190/100 mg.Hg. 

Neurological examination.—Gait was difficult and showed spasticity. There was 
spastic weakness the right leg with almost complete palsy the right upper limb. 
The patient could perform only some slight up-and-down movements with his arm, 
the hand being paralysed. There was hypertonia pyramidal type the right 
limbs. Muscle stretch reflexes were brisker the right limbs, there was also right 
Babinski sign. The right upper limb showed superficial with increased 
Weber’s circles and right inattention for painful bilateral stimulation. Right tactile 
asymbolia was likewise present. Right facial weakness the central type. Other- 
wise, the neurological examination showed abnormality. 


Examination Speech 

The receptive patient distinguished correctly-pronounced words 
from those pronounced the wrong way. recognized promptly all the objects and 
colours named the examiner. There was understanding and execution simple 
requests your eyes,” “lift your left arm,” etc.). more complicated 
order your left hand your right ear,” your right hand twice with the 
left and then lift your was performed correctly the request was uttered 
slowly. order given quickly led errors execution. If, after such failure 
the order was repeated slowly, there was correct performance after little pause 
(this phenomenon called Botez (1960), was found 
characteristic for the slight forms verbal deafness). The simple Pierre Marie test 
was correctly performed whilst the complicated one showed receptive inattention. 
The patient could understand the sense simple complicated phrases well 
the sense different proverbs. Temporospatial orientation was good. The patient 
was able follow perfectly simple tale, but had patience listen longer one. 

Lexic was correct, the patient showing that understood the 
meaning both printed texts and handwriting. could perform correctly 
written order, but was too intricate, the patient could perform only looking 
the text the whole time the performance (facilitation phenomenon). Whilst 
reading, the patient sometimes repeated letter displayed word condensations. 

Naming objects and patient knew the use each object but some- 
times was unable find the right name for it, using instead periphrasis (amnestic 
aphasia elements). 

Expressive patient could repeat correctly the letters, syllables and 
sentences requested; could repeat even longer phrases they were said him 
slowly. There was sometimes slight deformation complicated words. Spon- 
taneous speech showed very few paraphasic elements. There was jargonaphasia. 
The patient could tell correctly all the months the year their right order but not 
the reverse order. 
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Writing.—The patient could use his left hand for writing few words copying 
them dictation, but soon got nervous and refused on. His writing showed 
tendency add unnecessary letters, the patient correcting himself his attention 
was drawn when revising his manuscript. 

Arithmetical patient could perform mentally additions and subtrac- 
tions 40; knew his multiplication-table. Written calculation was somewhat 
better. The patient could perform only elementary divisions (up 10-15). 

All the general praxic functions were normal. 

Mental patient had tendency cry, was irritable and presented 
alternative periods depression and unfounded cheerfulness. 

sum up, the subject was right-handed man, aged 40, who displayed the clinical 
picture cortico-subcortical softening the dominant hemisphere. The exami- 
nation revealed weakness the right limbs, predominantly facio-brachial, and 
mixed, predominantly receptive dysphasia. dysphasic troubles were, however, 
comparatively slight, allowing satisfactory co-operation with the patient. 

The musical examination was accepted our patient with much greater interest 
than that speech. Although the patient proved most co-operative, examination 
the musical functions was divided into several sittings, avoid fatigue. 

Examination the musical functions 18, 1959).—Being 
musician (violin player symphony orchestra) with superior musical instruction, 
the patient was included the third division the Wertheim-Botez scheme, which 
allows the performance the whole battery tests excepting those the execution 
which was impossible account the right hemiplegia. The receptive dysphasic 
disturbances were slight enough allow good musical examination. 

the premorbid musical level our patient, also worth mentioning that 
before the disease possessed pitch,” being able identify and name each 
sound heard and decompose and name currently all the component sounds 
complicated chord. 


RECEPTIVE AND COMPONENT 
Tonal, Melodic and Harmony Elements 


the pitch sounds the patient was correct. Asked 
compare the “A” tuning fork with the corresponding sound piano, the 
patient appreciated correctly difference less than semitone between the two 
sounds. 

simple sounds produced instrument.—At our request, the 
patient named correctly only sounds out emitted the examiner pinching 
the strings violin playing them piano. The mistakes had particular 
feature: instead the requested note, the patient named the superior fourth. Thus, 
very much surprised this deficiency, asserting that before the disease could 
identify and name without any effort every sound produced instrument. 

Vocal reproduction separate sounds.—The patient could reproduce correctly 
all the simple sounds emitted the examiner (by voice, whistling means 
piano violin). 

Recognition well-known melody.—Asked choose melody which 
knew very well, the patient suggested the main theme from the first part Beethoven’s 
which could recognize sung him, but not played piano. 
the latter case could only tell that something used play the 
The same phenomenon could observed with another two melodies familiar the 
patient: the Boccherini, and theme from Beethoven’s Fifth 
Symphony. facilitation was tried with the Boccherini piece. After the patient’s 


failure recognize it, asked him whether was not something Schubert 

During the patient’s efforts remember the name the piece and composer, 
displayed interesting phenomenon self-facilitation: holding the violin, per- 
formed the melody several times with his left, striking the strings firmly make 
them sound, without using his right, paralysed hand. most remarkable that 
the melody was correctly reproduced, the patient’s fingers moving fluently the 
strings. The patient used the same system facilitation every time was “‘at loss 
melody. 

Recognition faults purposely introduced melody.—The patient recognized 
and drew attention all voluntary faults and abnormal modulations 
introduced the examiner the performance melody, familiar the patient. 

Identification musical instruments their specific tone. This ability was 
tested for violin and piano, both which were correctly identified. 

patient was unable name single intervals 
between sounds emitted successively concomitantly instrument. could 
not name the intervals sharp, C-E, E-C sharp, played the piano. 
After having played third flat-G) the examiner asked was third, 
fourth sixth, the patient answering that was fourth. 

Differentiation major and minor patient could distinguish 
perfect major chords from perfect minor ones, played for him the piano different 
tonalities. 

Identification the number sounds patient could give the 
correct number for chords with sounds (played the piano). 

intervals composing cord.—This test our patient was quite 
unable perform. 

dictation—The patient being free from aphasia and able write 
with his left, tried musical dictation. The examiner played four times con- 
secutively the following melody, which the patient tried give written expression: 


TRANSCRIPTION (BY PATIENT) 


Generally speaking, the rhythmic pattern was maintained especially the first 
bar but intonationally the transcription differed very much from the model. 


Rhythmic Element 


the measure (time).—To ascertain the patient could identify 
and distinguish duple and triple measures, piece (2/4) was played for him, which 
said correctly that was duple time. Menuetto Mozart played immediately 
afterwards was said the patient duple time, although the triple time clearly 
appeared during the performance the piece. After repetition the same piece 
quicker tempo with pronounced stressing the first time, the patient continued 
assert that was duple measure. Another piece (4/4) was also wrongly considered 
the patient, being triple measure. 

(reproduction) rhythm, tapped with the reflex-hammer was more 


MODEL ( PIANO) 
3 3 3 fay 
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less correct for the simple rhythms but showed irregular variations the distance 
between the single elements (fig. 2). 


MODEL 


REPRODUCTION 


MODEL 


REPRODUCTION | 
| | 
} | | T 
FIG. 2 


more complicated rhythmic figure could not reproduced all (fig. 3). 


_ | 


FIG.3 
Reproduction with the reflex-hammer “sounded” rhythm (obtained 
percussion the key piano) was possible but performed far quicker 
tempo (fig. 4). 
MODEL (PIANC) 


REPRODUCTION (HAMMER) 
ETC 
= 
FIG & 


15. with the reflex-hammer the rhythm piano-played melody 
was deficient with relative maintaining the simple rhythms, especially the 
beginning the sequence (fig. 5). 

16. Identification the measure after the 
the examiner was correct (2/4, 3/4, 4/4 measures). 


movement performed 


and Dynamic Elements 
Description the tempo musical piece was correct for the slow and quick 


pieces played for the patient. 

18. The patient could perceive the tempo changes the course musical piece 
played for him but his appreciations these changes were sometimes wrong. Thus, 
the examiner played Andante for him, quickening the tempo the seventh bar. 


MODEL (PIANO) 
= 
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MODEL (PIANO) 


REPRODUCTION (HAMMER) 


The patient qualified this change “‘it must quicker.” the tempo grew slower, 
the patient protested too quick.” 

19. The patient appreciated correctly dynamic variations (intensity degrees) 
introduced the examiner into the performance piano-piece. 


Element 


Asked about the clefs knew, the patient answered that besides the familiar 
treble clef clef) which used for violin-playing, knew very well also the clef 
(viola clef) which used sometimes before his disease play the viola, well 
the (bass) clef which used with the clef piano-score reading. 

20. Naming notes musical patient could name correctly all 
the notes indicated the examiner the violin clef with little paraphasic mistakes 
which immediately corrected. the bass clef, made frequent mistakes 
naming the notes, sometimes corrected facilitation, other times not. 

regards the viola clef, the patient was unable tell the name single note 
with without facilitation (the patient being offered choose between two names 
which one was correct, etc.). The patient asserted that before the disease this 
clef was also familiar him, being used him his viola-playing but now 
seemed have it. The disturbance observed could not related 
the patient’s fatigue: again testing the clef found that all the notes this clef 
were correctly named with their accidentals (flats and sharps). 

21. Identification the time value (duration) notes and patient 
identified correctly score the time value all notes (whole note, minim, crotchet, 
quaver and semi-quaver) well rests (semibreve rest, crotchet rest, quaver rest). 

22. patient was asked perform simple solfeggio (fig. 6).—To 


FIG. 6 


facilitate his task offered him first name the notes, which carried out without 
any mistake. The attempts perform the solfeggio led, however, complete 
failure. new facilitation was then tried: the examiner performed himself the 
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solfeggio, asking the patient the same immediately afterwards, but the result 
was not better than that the first attempt. 

23. Naming clefs, accidentals, patient recognized and could name 
correctly the clefs, the flat, the sharp, the sign measure, the repetition sign. 

24. Interpretation auxiliary musical patient could read correctly 
the auxiliary musical notations well the current abbreviations (pianissimo, 
allegro, adagio, con sordino, cresc., descresc., arco, the metronome notation, etc.). 
Asked explain the meaning these notations the patient sometimes gave wrong 


COMPONENT 
Singing and Whistling Tests 
(a) Tonal, melodic and harmony elements 
25. Vocal emission sound, asked the examiner.—Considering that before 
his disease the patient possessed asked him produce vocally 
some sounds named the result: 


Requested note Sound produced 
the patient 
sharp 


26. Spontaneous singing familiar melody.—The patient chose waltz 
Brahms which hummed satisfactory way, although another piece, the 
Boccherini chosen the patient well, was hummed with 
frequent intonational mistakes which the patient called notes” and related 
“loss 

27. The same test, accompanied the piano the examiner showed better 
performance. There was, however, tendency the part the patient quicken 
the movement. If, during the vocal performance the accompaniment was inter- 
mittent, the patient displayed tendency correct his mistakes during the accom- 
panied passages. During the unaccompanied periods, the vocal production was 
wrong again. The resulting impression was that accompaniment facilitated the 
spontaneous vocal performance. 

28. The same test, transposed different registers, led the same result the 
tests Nos. and 27. 

29. Vocal reproduction melody, familiar the After having sung 
the first two bars the Waltz Brahms, the examiner asked the patient reproduce 
what had doing requested, the patient tried with the 
following bars singing them the wrong way. After second similar request, the 
reproduction was good for the first bars and wrong for the following bars which had 
also this time been sung the examiner. 

Reproduction simple melody, unknown the patient was impossible, 
account gross rhythmic and intonational faults. 

30. Vocal reproduction ascending and descending The major scales 
sharp, flat were correctly sung both “upwards” and only the 
piano gave the patient the initial tone. Otherwise, the patient was unable find 
suitable register beginning much too high for the ascending scale, too low for the 
descending one and being thus unable farther than 3-4 sounds. The patient 
was totally unable sing minor scale, spontaneously imitation same, 
when played the piano. 


(b) The agogical and dynamic character 


31, 32. Spontaneous singing crescendo and descrescendo.—The patient could per- 
form correctly the requested dynamic variations (Waltz Brahms). 
Spontaneous singing accelerando and ritardando.—The patient was unable 
perform the agogical variations requested. Instead slowing down 
quickening the movement was told, increased decreased the strength 
(dynamic changes) although the requested agogical variation was not only explained 
but also demonstrated piano piece the examiner, make sure that the 
patient understood perfectly what was expected do. 


Instrumental Tests 

35. General manipulation the goes without saying that right 
hemiplegia rendered impossible the use the bow. regards his left hand, the 
patient could correctly hold the violin, could put his fingers all the classical positions 
and could correctly appreciate the tuning, 

36. Naming the strings well the different parts the instrument (bridge, 
mute, hair, etc.) was good. 

the instrument sounds, named the examiner.—Being asked 
so, the patient produced successively the and flat all four strings 
(with the help the examiner who pinched the string whilst the patient was pressing 
with the fingers his left hand). 

The tests Nos. our battery (performing musical piece with and without 
score, reproduction vocal instrumental melody, accompanied instrumental 
performance, vocal performance the patient himself) could not performed, 
account the hemiplegia. 


Tests Musical Writing 
44. Copying musical text (the patient could write with his left) (fig. 7). 


MODEL 


45. Transcription well-known melody.—The patient chose the following 
popular tune (fig. which wrote down spontaneously the following way (fig. 9). 


FIG. 8 
FIG. 9 
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DISCUSSION 

shall now try analyse the main aspects the musical disturbances 
described. 

The most striking and perhaps the most interesting all the disturb- 
ances was the loss the absolute quality our patient’s musical ear. 

known, the pitch” which the ability identify and 
name all the musical sounds can found approximately per cent 
men and per thousand women (Riemann, 1913; Révész, 1913; 
Kobelt, 1920). For better understanding the significance this 
property the human brain, comparison between the visual and aural 
functions man, may useful, The objective basis both visual and 
auditive sensations vibration frequency-scale luminous, and 
sound energy. The visual and auditive analysers can separate and 
distinguish these frequencies. This differentiation process enables 
see the colours the solar spectrum and hear large scale sounds 
(from 32,000 vibrations per second). Normally, can identify 
and distinguish the luminous frequencies expressing them colours, but 
are unable the same for sounds. are always able name the 
colours the objects see but can name the sounds hear only 
happen have pitch.” 

The identification (recognition) colours is, known, disturbed only 
under pathological circumstances (dyschromatopsy, daltonism) whilst 
inability identify and name musical sounds normal condition for 
any individual possessing only pitch. 

The presence some people shows that their 
auditive-musical function has developed superior level gnosic 
integration. This fact may suggest indirect way that the visual 
function is, generally speaking, more developed man than the auditive 
one, considering that musical feature which can found only some 
exceptional people corresponds, far vision concerned, 
common general ability. 

our particular case loss the absolute quality the patient’s ear 
may therefore expected first symptom dysmusia, considering 
the high integration level requested for this function. also worth 
mentioning that the faults committed the patient whilst testing the 
“absolute pitch” (tests and 25) have nearly systematic transpositional 
character (the patient transposing the superior fourth). Without 
trying suggest explanation for this phenomenon may perhaps 
relate another case (Botez and Wertheim, 1959) which the musical 
dysfunction was only expressive and the disturbance mentioned had been 

Comparing the disturbances melody-recognition (test with the 
recognition spoken language, may remark that the receptive 
musical function much more disturbed than the verbal receptive one. 
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furthermore observed that some instances recognition sung 
melody was better than that played one. This may perhaps 
explained the fact that singing ontogenically older function than 
instrumental playing and for this reason undergoes dissolution 
lesser degree. 

have shown, our patient was totally unable recognize and 
namc the simple intervals between two sounds. This trouble may 
related specific disturbance what German authors call 
vallsinn” (Riemann, 1913), special sense depending the sense 
relative pitch, especially orchestra musicians who must perpetually 
tune their strings. The hypothesis that the observed disturbance had 
aphasic origin, not sustainable, dysfunction the interval-sense explain- 
ing also the errors the musical dictation (test 11). 

Musical dictation (test 11) showed more errors than ordinary writing 
elicited test are elementary and intonational 
rather than rhythmic, which may explained failure recognize the 
intervals (as shown test 7). 

The troubles recognizing the duple and triple measures (test 12) are 
related the general disturbances the rhythmic functions (tests 
13, 14, 15) which can found all patients with aphasia (Luria, 1947; 
Kreindler and Fradis, 1957; Botez and Wertheim, 1959). 

The study musical lexic functions (test 20) showed our patient’s total 
inability read the notes the viola (C) clef, with perfect maintenance 
the ability read the treble clef and partial ability read the bass 
clef. This strictly selective disturbance which cannot explained 
either aphasic troubles, fatigue, may perhaps understood 
the following manner: the clef, which the patient first learned and used 
mostly was the treble clef, whilst the bass clef was accessorily learned the 
music high school and less used him. the clef, was the 
last had learned and used only occasionally when had play the 
viola. Therefore his ability read the treble clef which may 
analogized with the patient’s mother-tongue, remained unaltered whilst 
the bass and viola clef underwent partial and total dissolution. 

The attempt the patient perform simple solfeggio (test 22) 
complete failure, spite all the facilitation procedures used the 
examiner. think that the ability perform solfeggio depends 
series receptive and expressive conditions which must all present: 
(a) recognition and correct naming the written symbols the notes; 
(b) recognition intervals; (c) ability emit correctly musical sound; 
(d) ability produce vocally interval; (e) ability reproduce 
rhythmic figure. have shown, our tests proved marked defective- 
ness the and elements, which obviously made the solfeggio 
impossible. may also remarked that musical reading shows our 
patient phenomenon analogous verbal alexia, without literal alexia: 
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our patient could read separate notes but was unable make their 
integration pattern (the melody). 

Another disturbance which observed the same category 
musical reading was the wrong explanations the patient some 
current musical notations (test 24). consider this trouble the 
effect superior kind anomia, without directly affecting the musical 
functions. 

The inability the patient emit vocally the notes named the 
examiner (test 25) may interpreted phenomenon specialized 
vocal apraxia, consequent upon gnosic deficiency (loss the absolute 
quality the musical ear, mentioned above). the patient’s 
inability spontaneously produce melody without regard the 
register used (tests 26, 27, 28), this dysfunction related the 
deficiencies the interval sense and rhythmic functions. The occasional 
correction the vocal faults the piano accompaniment (test 27) 
reminds patients with slight apraxia, who cannot perform the 
requested gesture simple verbal command but can together 
with the examiner. 

The fact that vocal reproduction familiar melody (test 29a) 
better than spontaneous singing related expressive aphasia 
which repeated speaking usually better than the spontaneous one. 
believe that our patient’s inability reproduce vocally unknown 
melody (test 29b) reveals disturbance elementary musical memoriza- 
tion; significant this respect that Hromov (1949) found memory 
disturbances all patients with slight aphasia. 

The fact that the patient must given the first note order enable 
him produce vocally major scale analogous with phenomenon 
occurring amnestic aphasia: the first letter syllable told the 
examiner, the patient and can tell the whole word. 

Total inability sing minor scales may explained their later 
learning well their less frequent use solfeggio. 

The tests spontaneous accelerando and ritardando singing request 
(tests 33, 34) showed that the patient systematically performed dynamic 
(strength) variations instead agogic (movement) variations 
requested. The aphasic element being excluded can seen from the 
analysis our tests, may suggested that specialized agogical 
apraxia here being displayed. 

The last disturbance observed our patient was that musical 
writing, especially spontaneous (tests 44, 45) with relative conservation 
the ability copy musical text. This trouble not specific for amusia 
and found also usual dysgraphias. 

mentioned that our patient had most remarkable praxic 
instrumental function his left hand, the only one could use. 

The phenomenon described with test No. wholly 


analogous with the facilitation used the aphasic patient who moves 
his lips and tongue order understand the text reading. 
this respect, the fact particular interest; however, leads 
the problem the relation between musical praxic function and the 
minor hemisphere. the case formerly published (Botez and Wertheim, 
1959) with minor hemisphere injury right-handed man, were 
able ascertain severe instrumental dyspraxia. The fact that the 
case under discussion severe lesion the dominant hemisphere did 
not cause instrumental dyspraxia, seems support the hypothesis 
that the minor hemisphere has leading role, far the praxic 
instrumental functions are concerned. 

Without pathological examination cannot, course, afford 
discuss detail the lesional substratum the troubles described, but 
not the least think that lesion located the hypothetical 
centre (Henschen, 1925) may account for 
disturbances such those displayed our patient. 

Considering the published data concerning bilateral hemispherical 
representation the musical function (Nielsen, 1946; Botez and 
Wertheim, 1959, etc.) well the modern views the complex 
organization the analysers (Pavlov, 1951) are inclined admit 
that musical dysfunctions have far wider lesional substratum than 
commonly assumed, involving several cerebral functional systems. 
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“The symptomatology and variety manifestations 
multiple sclerosis appear inexhaustible.” 
Oppenheim (1916) 


RECENTLY have observed patients with most interesting and 
unusual form continuous rhythmic fine fascicular contraction facial 
muscles (facial myokymia). Three these patients have multiple 
sclerosis, and the fourth the diagnosis seems probable. The aim 
this paper describe this condition both its clinical and neuro- 
physiological aspects. 


REVIEW LITERATURE 


Facial paresis was first described multiple sclerosis Schiile 
1870. Oppenheim (1911) first recognized that lower motor neurone 
facial palsy may the first sign the disease and believed that 
might precede other signs many years. Nonne (1918) drew attention 
the fact that recovery occurs earlier than the usual type Bell’s 
palsy and that there tendency for the disability recur. Other 
functions associated with the facial nerve such taste and the action 
the stapedius muscle may rarely impaired with without associated 
facial weakness (McAlpine, 1955; Sittig, 1924). 

According Thygesen (1953) the incidence facial palsy multiple 
sclerosis about per cent. The palsy, noted, slight rule and 
may difficult distinguish the upper from the lower motor neurone 
type paresis. Miiller (1949) the patients studied observed that 
facial paresis occurred the initial symptom per cent and per 
cent showed facial paresis some time the course the disease. 
Complete remission the paresis occurred two-thirds his patients. 

McAlpine and Compston (1955) mention several cases facial spasm 
their series and note that may occur presenting symptoms and 
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precede the onset paralysis. They have also seen follow, 
interval some months, attack facial palsy which had apparently 
completely recovered. However, the type facial spasm not 
described detail. 

the literature number patients have been described who presented 
facial fasciculations, most often symptom multiple sclerosis. 

1902 Bernhardt reported the case young woman 
years who developed continuous undulant quivering fasciculations 
the muscles the face one side. She also had sustained contrac- 
tion the muscles involved, associated slight hearing loss, and occasional 
headache and nausea. The symptoms and signs remitted after three 
months and the undulating twitching was considered unusual type 
facial spasm unknown origin. 

1903 Newmark reported the case patient who developed 
right-sided facial palsy which disappeared within six weeks. Six years 
later developed constant quivering undulation the muscles 
the right side the face. This was continuous, and most marked the 
infra-orbital muscles and the platysma. There was slight associated 
contracture these facial muscles. These signs disappeared after three 
months and were followed one year later recurrence lasting two 
days. After another year the patient developed progressive paraparesis. 
This last episode was diagnosed attack multiple sclerosis but 
the previous attacks facial fasciculations were not thought 
manifestation the disease. 

Edward Miiller (1904) mentions that fascicular contractions the 
facial muscles were noted some his patients suffering from multiple 
sclerosis. 

1913 Farquhar Buzzard described form facial spasm which 
regarded almost pathological curiosity and which named “‘fibrillo- 
tonic facial patient presented with right-sided Jacksonian 
epileptic attacks together with headache and vomiting. cortical 
gumma was suspected and the patient treated with mercury and iodide. 
Cessation seizures was attributed this medication. Ten months 
later the patient returned with fine contraction the muscles 
the left side the face accompanied some tonic sustained con- 
traction these Buzzard very vividly described the appear- 
ance comparing face the verge tears.” The patient 
also complained constant noise, quicker than 
the left ear and this was thought due contraction the 
stapedius muscle. This facial twitching persisted during sleep. The 
patient received another course mercury and iodide and the dis- 
appearance the symptoms again attributed the medication. Two 
years later she presented with further fibrillary contraction the right 
side the face and the following years had further neurological signs 
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and symptoms, again attributed cerebrospinal syphilis. Buzzard 
mentions that had seen other similar cases occurring rarely the 
course cerebrospinal syphilis and multiple sclerosis. postulated 
pontine lesion cause these manifestations. The description 
provided this case does not our view completely exclude the possi- 
multiple sclerosis that this type facial twitching usually remits. 

Oppenheim (1916) described patient who presented with continuous 
undulation and fasciculation the right facial muscles. This had 
started the infraorbital region and progressed involve the entire 
territory supplied the nerve. There was also slight continuous con- 
traction the right face. The signs disappeared three months. Ten 
years later the patient developed various other signs multiple sclerosis. 
Oppenheim named this condition facial myokymia and commented its 
association with sustained facial contraction. expressed the view 
that, just like facial palsy, too may early sign multiple sclerosis. 

1928, Kino reported patients, who showed undulating fascicular 
twitching the face, which also independently termed facial myokymia. 
All patients were diagnosed suffering from multiple sclerosis. One 
patient had involvement his left face followed after two years 
attack the other side. Sustained facial contraction was observed only 
once total four observed attacks. the cases followed for 
sufficient period time, total remission symptoms was observed 
occur after two three months. attributed the fascicular twitch- 
ing the excitatory effect plaque involving the nucleus the facial 
nerve. these cases, facial myokymia was never the initial symptom, 
but occurred the first years the disease. 

Alajouanine and Thurel (1936) describe patient, who six years after 
transient facial paralysis developed fibrillary twitching the orbicularis 
oculi the same side, which gradually spread involve all the facial 
muscles. The patient was successfully treated with alcohol injection 
the branches the facial nerve their emergence from the parotid; 
however, the injection had repeated six months later. This patient 
later developed other symptoms and signs multiple sclerosis. 


CASE REPORTS 

Case 1.—A 28-year-old salesman, B., had episode numbness and stiffness 
his left leg December 1952. was associated with burning sensation which 
started his lower leg and spread his left buttock over several days. All symp- 
toms disappeared after two weeks. January 1953 the patient had severe 
headache followed blurring vision his left eye, more marked centrally, and 
transient diplopia which was able correct blinking his eyes. These symptoms 
also disappeared gradually four weeks. 

September 1953 had pain his right eye which was made worse lateral 
movement, accompanied progressive blurring vision over two days, which then 
became stabilized. 
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was admitted the M.N.I. September 30, 1953, and examination showed that 
his right eye was slightly tender with pain lateral movement and increased redness 
and the optic disc. had large dense central scotoma the right eye 
surrounded wide band relative visual loss. The right pupil was slightly larger 
han the left and there was some nystagmus gaze the left. 

The reflexes his right arm and leg were increased and tone was increased his 
right leg. Two point discrimination his right foot was impaired. 

Lumbar puncture revealed clear fluid under pressure mm. CSF. Pandy’s 
test was negative. CSF protein was mg. per cent, Lange curve was normal and one 
lymphocyte per c.mm. was found. Blood and CSF serology was negative. Radio- 
logic examination the skull and chest revealed abnormalities. 

Ten days after admission his vision was still less than per cent with central 
scotoma his right eye. The central scotoma gradually disappeared and the visual 
acuity became normal. 

After five-year interval good health, September 1958, the patient noted 
flickering under the left eye which extended his cheek the following day. One day 
later the corner his mouth was also involved. The patient was aware this 
rhythmical wavelike contraction when woke the morning and was contin- 
uous during the day. Six days after the onset also noted numbness the angle 
the left jaw. This spread involve the left cheek and angle the mouth and was 
described sensation similar that felt after the injection local 
This numbness then became intermittent and completely disappeared after six days. 

The patient was examined September and continuous fascicular rippling con- 
traction was observed. was confined the left facial muscles including the forehead, 
eye, cheek, corner mouth and platysma. There was narrowing the left palpebral 
fissure and slight deviation the angle the mouth the left. maximal volun- 
tary contraction the muscles the left face were found bery slightly weaker than 
the right. The right disc showed temporal pallor, the tendon reflexes were increased 
bilaterally and there was bilateral Hoffmann’s sign. There was clonus the right 
ankle and right extensor plantar response. 

trial Dilantin 100 mg. t.i.d. and phenobarbital mg. b.i.d. was given and there 
was slight diminution the intensity the rippling fasciculations. also noted that 
excitement work and drinking beer caused increase this symptom and that with 
rest lessened. Further prescription meprobamate was added without significant 
effect. Later, one occasion had tinnitus described dial tone his right ear. 
The rippling fasciculations gradually subsided about thirty days after their onset. 

electroencephalogram was normal. Continuous muscle artefact was recorded 
from the left frontalis muscle and also from the left temporalis muscle with some evi- 
dence rhythmicity the muscle potential discharges. 

Electromyographic recordings from the left orbicularis oris showed continuous 
grouped motor unit activity with arrest attempts relaxation. The form and 
amplitude the motor units were within normal limits. Voluntary contraction pro- 
duced increased motor unit activity with some tendency grouped discharge. The 
same picture was obtained from the left orbicularis oculi but the motor units were 
much shorter. 

Fig. shows example the myokymic activity recorded from the left orbicularis 
oculi. The large motor units fired usually twice with each burst and the individual 
bursts recurred remarkably regular intervals 150-180 msec. The smaller units, 
probably recorded from some distance, fired more frequently with each burst and these 
occurred faster rate than those the large unit intervals about 100 msec. 
Two groups units showed clearly rhythmic discharge which was independent each 
the other and only coincidence were the bursts superimposed the record. 
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100 
100 SEC 
(Case 1).—Spontaneous activity recorded from the left orbicularis oculi. Two 
groups motor units firing regularly different rates and independently each other. 
The large motor units are firing twice with each burst intervals about 180 msec. 


and the small units, probably recorded from some distance are firing more frequently 
with each burst intervals around 120 msec. 


Case 2.—This 37-year-old housewife, C., developed numbness the left half 
her body and face 1946 the age 24. The symptoms disappeared after one 
month. 1948 she developed blurring vision, numbness the left leg and hip, 
and ataxia. these symptoms disappeared after some months. 


October 1949 the numbness her left leg, the ataxia and blurring vision 
returned. addition, she had numbness her face and diplopia gaze the left. 
About the same time she had noted some twitching her left face. This started the 
muscles around the left eye. Examination revealed temporal pallor the left disc, 
nystagmus the abducted eye the right and the left and partial left sixth nerve 
palsy. She had vertical nystagmus both eyes upward gaze. 


Continuous fine synchronous wavelike fasciculations were observed the left facial 
musculature including the platysma. There was very slight weakness the left 
orbicularis oculi and frontalis muscles. Facial sensation was normal. The patient 
complained “‘swelling the left face and left side the neck. 
reflexes were brisk, plantar responses flexor and she had gross inco-ordination 
arms and legs. The fascicular twitching the face decreased progressively and dis- 
appeared about six weeks after the onset, did the nystagmus and sixth nerve palsy, 


1952 the patient had episode dizziness, tinnitus and unsteadiness walking. 
which lasted three days. Some months later she developed numbness the right side 
her body the level her breast. She limped slightly during that time. The 
patient was admitted hospital, where appendectomy was performed following which 
she lost the use her right arm for three weeks. 


February 1953 she developed numbness the left side her face. After three 
weeks, numbness her right face developed and was accompanied fascicular twitch- 
ing the right facial muscles. These symptoms and signs remitted after three weeks. 
July the same year she again had numbness the left side her face for three 
weeks. that time she showed pallor the temporal half the left disc, in- 
creased right knee-jerk and equivocal right plantar response. She had another 
attack November with heaviness the left foot and leg progressing involve the 
right foot and resulting stiffness the waist. This was accompanied blurring 
vision, diplopia and sphincter disturbances. She could not walk for two months. 
She was admitted hospital, where skull X-rays and hematological studies were 
found normal. Lumbar puncture revealed clear fluid containing mg. per cent 
protein and white cells per test was negative. CSF serology was 
negative. 
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Since that time the patient has had number attacks with signs and symptoms 
spinal cord, brain-stem and optic nerve lesions. one occasion she had right-sided 
facial palsy which lasted three weeks. Mental changes have been evident during the 
past year. 

Examination September 1958 revealed pallor both discs, nystagmus lateral 
gaze the left and the right. Abdominal reflexes were absent. There was slight 
weakness her hip flexors both sides. Knee and ankle jerks were increased and 
she had bilateral extensor plantar responses. 


Case 3.—V. M., 29-year-old clerk developed numbness his hands and legs 
followed progressive ataxia and diplopia December 1950. was admitted 
the M.N.I. April 1951. examination showed nystagmus lateral gaze, 
increased deep tendon reflexes the right arm and both lower extremities, absent 
abdominal reflexes and bilateral extensor plantar responses. had loss position 

sense the left arm, loss vibration sense both legs and impaired two point dis- 

crimination his hands, worse the left. Rapid alternating movements were poorly 
performed was the heel-knee test. sign was positive, and his gait was 
ataxic. had positive L’Hermitte’s sign. 

Lumbar puncture revealed clear and colourless fluid. The cerebrospinal fluid con- 
tained lymphocytes per and had total protein content mg. percent. The 
colloidal gold curve was normal. Blood and cerebrospinal fluid serology were 
negative. X-rays the cervical spine and the chest showed abnormalities. 
diagnosis multiple sclerosis was made. 

During the next eight years had number remissions and exacerbations. 
developed static and action tremor his arms and head. times was unable 
walk without cane. one occasion had numbness the left side his face 
which improved over two months. 

May 1959 again noted numbness the left side his face. Two weeks later 
developed rippling wavelike twitching the muscles his face the left side. 
This started the periorbital muscles and proceeded involve his left cheek. There 
were massive spasms the face and noted weakness. 

Neurological examination June 20, 1959, showed rippling, wavelike fasciculations 
involving the muscles his left cheek and the orbicularis oculi. There was weak- 
ness facial muscles. had bitemporal pallor his optic discs, vertical nystagmus 
and nystagmus the abducting eye. was slightly dysarthric and had marked 
bilateral intention tremor. legs were spastic. Deep tendon reflexes were in- 
creased. Abdominal reflexes were absent and had bilateral Babinski’s sign. 
Vibration sense was absent and position sense diminished his legs, and his gait was 
very ataxic. walked with cane. 

electromyogram was done. From the left risorius muscle continuous activity 
rest was recorded. consisted remarkably regular rhythmical motor unit fascicula- 
tions (fig. 2). Some the units had normal form, others appeared broken and 
polyphasic. parts the muscle the motor units were grouped into clusters two 
four units. The firing these groups motor units also occurred regular 
intervals. Upon voluntary contraction normal interference pattern appeared. 
Sometimes, after relaxation such voluntary contraction the frequency the spon- 
taneous activity rest would temporarily increased. 

The spontaneous activity described above was not present all the muscles tested, 
but only those showing clinical evidence fasciculation. The rhythmic fascicula- 
tions his facial muscles gradually diminished and disappeared four weeks after their 
onset. weakness these muscles was observed any time. 
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SEC 


Fic. (Case 3).—Spontaneous activity rest recorded from the left risorius 
muscle. The vertical tracings consist continuous recording slow film speed. 
The horizontal tracings represent individual fast sweeps the oscilloscope beam. 
motor units firing rhythmically. grouped motor units recorded from different 
portion the same muscle. The calibration below applies the horizontal 
sweeps. The calibration below refers the vertical continuous tracings. 


Case 4.—A 26-year-old housewife, A.V., developed slight rippling wavelike twitching 
the muscles the left side her face July 30, 1957. This subsided after two days 
when August she developed numbness the left side her face. The left half 
the tongue and palate were numb, slightly painful and cold. She had some inter- 
mittent difficulty articulation. Seven days later she developed intermittent attacks 
dizziness and nausea with some staggering toward the right side. The numbness 
her face improved but August she had exacerbation and developed numbness 
her right foot which spread from her toes her knee. August she showed 
slight nystagmus gaze the left and diminution pin-prick, light touch and 
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temperature sensation over the left side her face, scalp and neck well over her 
right leg mid-thigh regions. Her reflexes were brisk and the right plantar response 
was equivocal. 

August she again developed fascicular twitching the muscles her face 
the left side. was continuous during the day but could not seen during sleep. 

August all left facial muscles were found affected with greatest intensity 
the orbicularis oculi. This wavelike fasciculation appeared rhythmic and 
continuous. There was evidence for myoclonic spasmodic contraction. There 
was some sustained narrowing the left palpebral fissure and retraction the corner 
the mouth. The patient had some subjective hearing loss the left ear. 

Electromyographic recording showed fasciculation with grouping single motor 
units bursts from the territory the facial muscles innervated the seventh nerve 
the left side. trace this activity was found the right. There was 
fibrillation suggest denervation the muscles involved. 

The patient received short therapeutic trial dilantin and meprobamate and this 
did not alter the facial fasciculations. 

September while laughing hard, the patient experienced steady spasm her 
left lower face which was drawn upward; this lasted for thirty minutes and fascicula- 
tions were absent the lower face during this time. Fasciculations the upper face, 
however, continued during this period. similar episode lasting for some minutes 
occurred some days later. September 12, the patient was re-examined and was 
noted that again had some numbness the left side the face and that taste was 
slightly impaired the left. There was less twitching the orbicularis oris. The 
wavelike fasciculations gradually diminished and stopped September later 
recurred briefly after peeling onions during emotional upset. 

During the next year the patient noted twitching the muscles her right arm and 
leg. These occurred irregular intervals and involved entire muscles, muscle 
groups onetime. Aprii 1959 she developed dull persistent pain her left cheek 
and under her was described having gnawing, pulling character. She 
was admitted the M.N.I. May 1959. Neurological examination revealed 
nystagmus lateral gaze the right and the left. 

Lumbar puncture showed clear cerebrospinal fluid, under normal pressure. The 
total protein was mg. per the colloidal gold curve was normal, Pandy’s test was 
negative, and there were cells. Her hemoglobin was per cent grammes), 
hematocrit per cent and blood serology was normal. X-rays the skull and base, 
electroencephalogram and audiogram were all normal. 

electromyogram was carried out; the facial and limb muscles tested were silent 
rest. There was fasciculation fibrillation. Upon voluntary contraction 
normal interference pattern was seen. The findings this time were entirely normal 
contrast the previous EMG. 


DISCUSSION 


Clinical cases are presented showing undulating, 
wavelike fascicular twitching facial muscles, phenomenon which has 
been called facial myokymia Oppenheim (1916) and Kino (1928). 
search the literature has revealed similar cases. 

these cases, have been diagnosed with reasonable certainty 
suffering from multiple sclerosis. the other cases diagnosis 
multiple sclerosis, though not established, might suspected. case 
(Bernhardt), facial myokymia was essentially the only symptom the 
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time publication. our Case diagnosis multiple sclerosis 
suspected, and finally, Buzzard’s case was diagnosed cerebrospinal 
lues, but the history lesions disseminated time and space could 
compatible with that multiple sclerosis. 

Seven the patients were female with ages ranging between and 48; 
there were males aged 30. The average age the patients 
was 30. They had total sixteen attacks, six the right side and ten 
the left side. patients the opposite side was involved one four 
years later. 

Two patients had recurrences the same side. Our Case had two 
attacks myokymia which were clearly part the same attack 
multiple sclerosis and were accompanied persistent neighbourhood 
signs. The first attack lasted only two days and was followed fifteen days 
later attack lasting one month. The other patient (Newmark) 
showed two-day recurrence the same side after interval year. 
these two short recurrences the same side are set apart, the duration 
facial myokymia varies between twenty days and ninety days with 
average about fifty days. 

cases the entire facial musculature was involved; cases showed 
myokymia the lower lid and cheek; another the angle the mouth 
and cheek; and the frontalis and corrugator muscles were spared. 

known that younger patients and patients early stage 
multiple sclerosis are more likely present symptoms and signs that 
remit. also recognized that the steadily progressive form the 
disease more often encountered multiple sclerosis some years’ 
standing and older patients (McAlpine and Compston, 1955; 
Miiller, 1949). interesting note that facial myokymia 
described far mostly patients the early stage. 

almost all cases the myokymia was continuous. one Kino’s 
patients disappeared for days time. least one patient the 
fasciculations did not disappear during sleep. 

When facial myokymia occurs early symptom, other neurological 
signs are often lacking. There is, however, evidence involvement 
other pontine nuclei and tracts some the cases, indicating more 
extensive lesion. With increasing duration the disease the evidence 
for other lesions becomes increasingly frequent. 

The symptoms facial myokymia are not incapacitating 
particularly distressing nature. the persistence the disorder 
which makes the patient seek medical attention. 

Two the patients received trial Dilantin and phenobarbital. 
one this slightly reduced the myokymia. the other had effect. 

The prognosis this symptom good; disappears gradually and 
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CLINICAL AND PHYSIOLOGICAL COMMENTS 

Electromyographic studies carried out our patients (Cases 
and showed very similar findings. Motor units were normal 
shape and duration but were clearly grouped, and there was definite 
rhythmic pattern discharge. There was continuous spontaneous 
rhythmic fasciculation which could not arrested attempts relaxa- 
tion. This grouping motor units was more marked the orbicularis 
oculi cases although present all the facial muscles which showed 
clinical evidence fasciculation. There was evidence fibrillation 
and normal interference pattern was obtained voluntary contraction. 

interest view the clinical aspect this facial myokymia 
that the individual bursts grouped motor units were not synchronized 
throughout the muscle, but that the contrary, individual groups 
units fired independent rates. Furthermore, the rates which such 
individual bursts occurred were relatively slow with intervals the order 
150 200 msec., separating them. The grouped firing motor units 
with long intervals separating individual bursts, and the lack synchro- 
nization the firing different groups units seems account for the 
continuous rippling character the myokymia and the absence any 
gross mass movements. The minimal degree sustained contraction 
shown patients and may indicate that the frequency unit dis- 
charges synergic fibres just enough produce minimal muscle 
contraction with superimposed ripples seen nerve muscle prepara- 
tion which the nerve stimulated rates which are too fast produce 
pure individual twitches, and too slow result smooth tetanus. 
Additional stimulation from suprapontine structures, e.g. laughing, 
shown patient may however, sufficiently raise the frequency the 
rhythmic discharge produce smooth tetanus the form sus- 
tained spasm. 

From neurophysiological point view this disturbance can 
accounted for postulating central excitatory focal process within 
the facial nucleus. The type group rhythmic discharges characterized 
long, fairly regular intervals the order 150-200 msec., between 
seen these cases facial myokymia could not explained 
easily irritation axons alone, either intra- extra-medullary and 
even less assuming myogenic mechanism. conceivable that 
area demyelination near the facial nucleus may create conditions 
setting steady slowly oscillating depolarizing disturbance affecting 
the soma-dendritic membranes the facial motor neurones. There 
additional evidence that lesion that situation present. patients 
had numbness the face the side the myokymia, suggesting involve- 
ment the trigeminal nucleus and tract. 

Jasper (1959) has also suggested the possibility that supranuclear 
process could result increased excitability the facial motor neurone 
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pool its loop, thus lowering the threshold for firing groups 
motor neurones minimal stretch 

difficult rule out completely the possibility lesion affecting 
the intramedullary portion the nerve, acting irritant the axon 
rather than the cell body, but stated above this appears unlikely from 
physiological point view. very unlikely pathological grounds 
that the lesion extramedullary (Lumsden, al. 1955). 

interesting note that facial myokymia, like cryptogenic hemi- 
facial spasm, most often starts periorbital muscles. These muscles 
are frequently involved post-paralytic synkinesias. addition, 
benign fasciculations the face occur most commonly the lower lid. 

The fact that the orbicularis palpebrarum and zygomatici muscles are 
more prone spasm than other muscles the face was observed 
Gowers 1893. wrote: motor mechanism for the orbicularis 
muscles the more sensitive consequence its important function 
and energetic reflex action, while both muscles take the leading part 
emotional expression. Hence, spasm, ultimately general, often com- 
mences one these, and partial spasm affects them far more frequently 
than any other part the 

The reflex action” the orbicularis oculi concerned 
mainly with the corneal reflex and blinking. Blinking, which consists 
brief, rapid bilateral movement the lids, corresponds discharge 
motor units irregular intervals and frequencies 150 per 
second. Blinking involuntary and frequent; also important 
part mimetic expression and its mechanism very sensitive one. 

very possible that the reflex mechanism blinking plays role 
the initiation many the spasms the face. This view supported 
Fowler’s (1939) observation that facial spasm may become less marked 
the patient voluntarily inhibits the tendency blink and also the 
fact that, cats, the motor neurones innervating the periorbital muscles 
lie the lateral part the facial nucleus, greatest proximity the 
spinal tract the trigeminal nerve which the main source afferent 
impulses this reflex (Szentagothai, 1948). 


DIFFERENTIAL DIAGNOSIS 


Facial myokymia described above not the only form facial 
spasm occurring multiple sclerosis. have observed patient 
who developed irregular tonic clonic type facial spasm which 
occurred intermittently over period months and then disappeared 
completely. the following years she developed further symptoms and 
signs multiple sclerosis. 

review the literature the question facial myokymia 
continuous rhythmic fascicular contraction facial muscles has been 
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raised vascular and neoplastic lesions within the pons well, but the 
references are rare and descriptions are scanty. 


Another form symptomatic facial spasm that encountered 
angle tumours and occasionally basal meningitis. irregular, 
intermittent and usually tonic clonic nature, although may 
limited irregular fasciculations low amplitude. 


Occasionally, post-paralytic facial spasm may slow, vermicular, 
and wavelike and thus may resemble facial myokymia. Denny-Brown 
and Pennybacker (1938) studied post-paralytic facial spasm with the aid 
the electromyograph. They recorded very rapid 
action currents uniform size and shape.” These bursts occurred 
irregular intervals one thirty seconds more and were increased 
frequency following voluntary contraction the facial muscles. The 
bursts were periodic, focus the nerve fibre, the motor neurone 
the facial nucleus were intensely excited intervals. These authors 
felt that increased sensitivity stretch during regeneration the facial 
nerve could account for the spasm. our cases the bursts motor 
units occurred regular intervals for long periods time and this 
rhythmic periodicity sets them apart from most cases post-paralytic 
spasm. Other differences are the absence previous facial palsy, 
marked weakness electrical evidence fibrillation. 

Cryptogenic hemifacial spasm classically irregular site, rhythm 
and degree. Cryptogenic facial hemispasm almost never presents the 
continuous undulatory wavelike fasciculation the remarkable 
rhythmicity and constancy facial myokymia. This difference has 
already been emphasized Buzzard and Oppenheim, who felt that 
facial myokymia should described separate clinical phenomenon. 
The electromyogram cryptogenic hemifacial spasm similar that 
any voluntary movement the face (Denny-Brown and Pennybacker, 
1938). 

Facial Jacksonian epilepsy and epilepsia partialis continua not 
show wavelike fascicular twitching; the spasms are usually clonic type 
and brief duration. There often spread the seizure activity 
involve other muscle groups. 

Mention must also made the myokymia described Schultze 
(1895) and which consists continual wavelike twitching the calf 
muscles and small muscles the hands. occurs healthy young 
adults and benign nature. Denny-Brown and Foley (1948) 
studied the electromyogram this condition and found the spontaneous 
discharge consist grouped motor units firing the rate per 
second and irregular intervals varying from 120 seconds. They 
present evidence which indicates that this disorder due abnormal 
excitability the proximal part the peripheral nerve. This electrical 
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activity clearly unlike the rhythmic, regular and rapid motor unit 
firing described our cases. 

The clinical and neurophysiological aspects facial myokymia which 
have been discussed above indicate that noteworthy symptom and 
sign multiple sclerosis. Its recognition initial early sign may 
have diagnostic value this disease. 


SUMMARY 


(1) The literature referring involvement the facial muscles 
multiple sclerosis briefly reviewed. 

(2) cases undulating wavelike fascicular twitching the facial 
muscles are reviewed and similar cases are described. patients had 
multiple sclerosis and the other this diagnosis was suspected. 

(3) The term facial myokymia was used Oppenheim and Kino 
describe this symptom and its continued use seems justified. 

(4) In7 the patients, facial myokymia occurred early symptom 
multiple sclerosis. 

(5) The affection usually starts the orbicularis oculi and spreads 
involve all facial muscles. does not progress facial palsy. There 
usually slight sustained contraction facial muscles. 

(6) The symptom has benign prognosis, disappearing spontaneously 
after about six weeks. 

(7) Electromyographic studies reveal grouping motor units and 
continuous spontaneous rhythmic fasciculation without evidence 
fibrillation. 

(8) central excitatory focal process within near the facial nucleus, 
resulting from area demyelination postulated. Such plaque 
may set steady slowly oscillating depolarizing disturbance affecting 
the soma-dendritic membranes facial motor neurones. 

(9) The relation the blinking reflex the origin this and other 
types spasm the orbicularis oculi discussed. 

(10) Other forms facial spasm multiple sclerosis and the differen- 
tial diagnosis facial myokymia are discussed. Vascular and neoplastic 
disease within the pons may create similar disturbance. The facial 
spasms encountered angle lesions and after facial palsy, cryptogenic 
hemifacial spasms. and other causes facial twitching are briefly 
reviewed. 

ADDENDUM 


After this paper was submitted for publication another report 
facial hemispasm multiple sclerosis was published Thiebaut 
al. (1960). Three patients with slight sustained spasm facial 
muscles one side are studied clinically and electromyographically. 
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One patient had tonic clonic twitchings the face and periocular 
fasciculations before her admission hospital; examination none 
the three patients showed any kinetic disorder, and particular facial 
myokymia was not seen. The EMG showed some spontaneous activity 
different from the one seen postparalytic facial spasm and crypto- 
genic hemifacial spasm. The authors postulate the presence 
supranuclear lesion. 

are grateful for personal communication from Mulder and 
Lambert (1961) who have recently drawn attention facial fasciculations 
symptom and sign intramedullary neoplasm. 


Part this paper was presented the annual spring Laurentian 
Conference the Eastern Association Electroencephalographers, 
February 1960. 
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HYDROCEPHALUS THE ADULT FOLLOWING 
SPONTANEOUS SUBARACHNOID 


(From the National Hospital for Nervous Diseases, Queen Square, London) 


well recognized that blood within the subarachnoid space 
irritant and produces acute, aseptic meningitis. This process accounts 
for the stiff neck, fever, and cerebrospinal fluid pleocytosis which 
commonly follow subarachnoid hemorrhage. less well appreciated, 
especially with regard the adult, that subarachnoid blood may also 
produce fibrosis the leptomeninges and ultimately lead hydro- 
cephalus. Bagley (1929) first showed this experimentally dogs. 
Repeated injections homologous blood into the cisterna magna and 
over the cortex produced, after several weeks, fibrosis the meninges 
those areas infiltrated with pigment-laden phagocytes. Moderate 
dilatation the ventricles developed out pups but only 
out adult dogs treated this manner. Moritz and Wartman 
(1938) reported young adults whom post-mortem examination, 
three months and eight years respectively after severe head injuries, 
showed generalized ventricular dilatation due hemosiderin-containing 
leptomeningeal adhesions about the foramina the fourth ventricle. 

varying time-intervals after hemorrhage from intracranial aneurysms, 
Hammes (1944) found that the initial acute cellular response the 
leptomeninges was followed fibrosis and fusion the pia-arachnoid 
over half the patients surviving ten days longer. However, hydro- 
cephalus was not feature any these cases, and Hammes attributed 
this the patchy distribution the fibrosis. 

Russell (1949) presented convincing evidence, her monograph 
the pathology hydrocephalus, that meningeal hemorrhage from birth 
trauma important cause hydrocephalus the infant. She did 
not record any adult cases from her own experience and stated that “‘far 
less known concerning the possible importance meningeal 
hemorrhage the production hydrocephalus the adult.” Since 
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then, however, number reports have appeared which leave little 
doubt that such relationship does exist. The report Foltz and 
Ward (1956) outstanding among these. They described cases 
hydrocephalus complicating hemorrhage from aneurysms, head injuries, 
and intracranial operations. 

Detailed reports post-mortem examinations such cases, however, 
have been infrequent. also feel that this condition still not 
generally appreciated, and therefore, are reporting the following 
cases. have limited the scope our study hydrocephalus following 
spontaneous subarachnoid hemorrhage from aneurysms and angiomas. 


Case No. 74839.) 


One month following subarachnoid hemorrhage, this 57-year-old railway official 
was found have marked communicating hydrocephalus, which progressed and 
was responsible for death ten months later. Post-mortem examination showed 
numerous leptomeningeal adhesions, particularly the base the brain, containing 
hematoidin-like crystals, iron-laden phagocytes and chronic inflammatory cells. 


The patient was admitted the National Hospital, Queen Square, 28.9.57, 
under the care Doctor Carmichael. had been well until one month 
before when suddenly experienced severe headache which felt like blood 
vessel” within his head. Six hours later, gradually lapsed into coma and was taken 
outside hospital where lumbar puncture revealed heavily blood-stained cerebro- 
spinal fluid. shortly regained consciousness, and the second day the hospital 
his only complaint was one double vision. Thereafter, however, his headache 
returned and became restless and slightly confused. repeat lumbar puncture 
the fifth day the hospital showed only blood-tinged C.S.F. The diplopia gradually 
cleared, but there was little change his mental status. His highest temperature 
the hospital was 100-5° 

admission the National Hospital, was lethargic and mildly disorientated. 
There was dysphasia. The optic fundi and cranial nerves were normal. The 
remainder the examination was negative except for bilateral extensor plantars 
and blood pressure 160/120 mm./Hg. 

Hemoglobin and total and differential white blood counts were normal. The 
erythrocyte sedimentation rate was Chest and skull films were normal. 
The electroencephalogram showed generalized slow wave disturbance without 
localizing features. The C.S.F. was colourless and under pressure 130 mm./H,O. 
contained 220 mg. per cent protein, and mg. per cent sugar. 
Routine and T.B. cultures were negative. Blood and C.S.F. Wassermanns were 
negative. Bilateral carotid and vertebral arteriograms were normal except for wide- 
swept anterior cerebral arteries. air encephalogram showed symmetrical dilata- 
tion both lateral ventricles, dilatation the third and fourth ventricles, and 
widely patent aqueduct. Air was seen the pontine and interpeduncular cisterns 
but air was seen over the surface the cerebral hemispheres (fig. 7). 

During the second week the hospital, the patient’s level consciousness gradually 
deteriorated. Ventricular drainage for nine days was without significant effect. 
18.10.57, myodil ventriculogram showed evidence obstruction the aque- 
duct fourth ventricle. Three weeks later, posterior fossa decompression was 
performed. The cisterna magna was large and distended. There was still change 
the patient’s mental state. 26.11.57, the C.S.F. pressure was normal and the 
fluid contained and 140 mg. per cent protein. 
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Division the tentorium cerebelli through left Martel flap was performed 
Portions the surfaces the cerebellar and cerebral hemispheres were 
stained yellow from old blood. uncontrolled bleeding was encountered during 
this operation. The patient continued deteriorate, however, and March 1958 
was semicomatose. The fundi were normal, but there was now spastic tetraparesis 
flexion with ankle clonus the right and bilateral extensor plantars. The C.S.F. 
pressure was and the fluid contained and 160 mg. per 
cent protein. Cultures were negative. repeat air encephalogram showed progres- 
sion the degree hydrocephalus, and the same block the flow air beyond the 
basal cisterns. developed over the next month, followed secondary 
optic atrophy June 1958. Otherwise, the neurological status the patient did 
not change. few weeks before death, July 1958, third air encephalogram 
showed further progression the degree hydrocephalus. 


Pathological Findings 


General.—There was acute bronchopneumonia the right lung; the myocardium 
the left ventricle was slightly and there was moderate degree benign 
nephrosclerosis. The remainder the organs were unremarkable, except for the 
brain. 


Neuropathological dura was thick and adherent the skull beneath 
the Martel flap. The venous sinuses were normal except for small thrombus 
where the left lateral sinus had been divided between sutures. There was patchy, 
yellow discoloration the leptomeninges, particularly the base the brain over 
the inferior surfaces the temporal lobes, over the optic chiasm and 
bodies, within the interpeduncular fossa and around the entire mid-brain. these 
latter areas numerous, fine, tenacious adhesions and thickening the pia-arachnoid 
formed web-like structure binding the nerves and blood vessels together. Prior 
fixation the brain, some the thickened arachnoid the interpeduncular fossa 
was examined under the microscope. consisted mass fibrous tissue together 
with large numbers small, anisotropic, clinorrhombic crystals which gave positive 
Gmelin’s test for bilirubin (figs. and thickening adhesions the lepto- 
meninges were apparent over the convexities the cerebral hemispheres over the 
lower brain-stem and cerebellum. The thickened arachnoid was dissected off the 
arteries the base the brain, and these vessels were exposed over their entire intra- 
cranial course without finding aneurysm other source bleeding. the vessels 
were patent and showed only minimal atherosclerosis. 

Coronal sections the brain after fixation showed gross, symmetrical dilatation 
the entire ventricular system, most marked the lateral and least marked the 
fourth ventricles (fig. 3). There was granular ependymitis throughout. The 
parenchyma the brain was grossly normal. The leptomeninges over the dorsum 
the thoracic cord and around the nerve roots the cauda equina were yellow and 
greatly thickened (fig. 4). 

Although much the leptomeninges had already been removed from the base 
the brain searching for source bleeding, microscopic sections showed much 
the same distribution fibrous thickening and adhesions the pia-arachnoid 
noted the gross examination (fig. 5). The adhesions consisted collagen fibres 
and spindle-shaped fibroblasts. Within this fibrous meshwork were numerous 
lymphocytes, plasma cells, and phagocytes containing pigment (fig. 6). The latter 
gave positive Prussian blue reaction for Polymorphonuclear 
leucocytes were rare. The walls the leptomeningeal arteries and veins showed 
collagenous thickening, and the walls the latter were frequently infiltrated with 
plasma cells and lymphocytes. The leptomeninges over the convexities the 
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cerebral hemispheres and over the lower brain-stem and cerebellum showed only 
slight infiltration with round cells and occasional pigment-containing phagocyte. 
definite increase collagenous tissue was apparent these areas. 

Over the dorsum the thoracic cord and the cauda equina, the microscopic 
appearance the leptomeninges was similar that observed the base the brain. 
addition globular particles resembling myodil were seen the subarachnoid space 
the cauda equina. Some these lay within multinucleated, foreign-body giant 
cells. 

There was loss both myelin and axons band white matter the corona 
radiata each side just beneath the ependyma the roof the greatly dilated lateral 
ventricles. Within these bands there were small, discrete areas containing compound 
granular corpuscles, proliferating blood vessels with hyperplastic endothelium, and 
plump astrocytes. These were interpreted areas ischemic necrosis. 
changes were seen the corresponding areas the motor cortex either side, but 
loss myelin and the presence sudanophilic material could traced down 
through the internal capsule both sides into the corticospinal tracts the spinal 
cord. These were the only changes seen the parenchyma the brain and spinal 
cord. 

COMMENTS 

From analysis the post-mortem findings this case apparent 
that there was close correlation between the distribution the 
siderin containing phagocytes and the hematoidin-like crystals the 
one hand, and the distribution the chronic fibrous leptomeningitis 
the other. reasonable conclude, therefore, that the patient’s 
spontaneous subarachnoid hemorrhage was responsible for the fibrosis 
the meninges which turn led the communicating hydrocephalus. 

cerebral aneurysm was the most probable cause the subarachnoid 
hemorrhage although none was ever demonstrated. 

not clear why the patient did not respond favourably ventricular 
drainage and suboccipital decompression. There can little doubt, 
however, that the severe hydrocephalus alone was responsible for the 
state semicoma and tetraparesis which eventually developed. The 
latter had its histological counterpart the degenerative changes the 
corticospinal pathways which were most marked beneath the ependyma 
the lateral ventricles. These changes have been described Penfield 
and Elvidge (1932) other cases hydrocephalus and are considered 
Yakovlev (1947) due stretching the fibres which pass over 
the vertex the dilated lateral ventricles. The presence areas 
ischemic necrosis this region the present case suggests, addition, 
some vascular mechanism, possibly stretching and deforming vessels 
supplying draining this region. 


56-year-old housewife was left state akinetic mutism with tetraplegia 
shortly after subarachnoid hemorrhage from internal carotid artery aneurysm. 
Nine months after this episode, papilledema developed 
showed marked communicating hydrocephalus. Ventricular drainage resulted 
only moderate improvement the spastic tetraplegia. 
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The patient was admitted outside hospital August 1958 for hemorrhoidec- 
tomy. One week after operation, she complained sudden, severe right-sided 
headache which was accompanied nausea and vomiting. Lumbar puncture 
showed evenly blood-stained C.S.F. with xanthochromic supernatant. One 
week following this episode, she developed left hemiplegia and was admitted 
the National Hospital, Queen Square, under the care Doctor Macdonald Critchley. 
examination she was disoriented and drowsy. left homonymous hemianopia 
was present gross confrontation, but the fundi and other cranial nerves were 
normal. There was flaccid left hemiparesis and both plantar responses were 
extensor. Bilateral arteriograms were performed the day admission. large 
lobulated aneurysm was present the right internal carotid artery its junction 
with the posterior communicating artery, and smaller aneurysm was seen 
similar position the left. There was marked narrowing the internal carotid 
arteries and the first few centimetres both middle and both anterior cerebral 
arteries. This narrowing was interpreted due spasm the vessels. 

There was occlusion displacement any the arteries. Immediately 
following arteriography, the patient became comatose. her level consciousness 
improved over the next week, she was found state akinetic mutism with 
flaccid tetraplegia flexion, but there was other change her condition until 
June 1959, nine months after her subarachnoid hemorrhage, when early 
was observed for the first time. The C.S.F. was under pressure 225 mm./H,O 
and contained cells and mg. per cent protein, 

ventriculogram showed marked symmetrical dilatation the lateral and third 
ventricles. The fourth ventricle was well outlined, and there was free communica- 
tion with the cisterna magna. Air readily filled the interpeduncular and chiasmatic 
cisterns, but air could induced flow over the cortex (fig. 8). Ventricular 
drainage was established after this study and maintained for two weeks. the end 
this time, her state akinetic mutism persisted unchanged, but the spasticity 
her limbs was considerably less and she now moved them slightly painful stimulus. 


COMMENT 


One the most interesting features this case the nine-month 
interval between the subarachnoid hemorrhage and the development 

was not anticipated that ventricular drainage would have much 
effect the patient’s long-standing state akinetic mutism with tetra- 
plegia. This state developed relationship the acute bleeding phase 
and arteriography and may have been due infarction the distribution 


both anterior cerebral arteries. 


Case (St. Bartholomew’s Hospital No. 269373.) 
39-year-old woman was found have papilledema four weeks after her third 
hemorrhage from left parasagittal showed marked 
hydrocephalus with block the foramina the fourth ventricle. 
subsided one month after removal the angioma. 

The patient had been excellent health until the age when she suddenly 
developed severe headache and weakness her right arm and leg, followed un- 
consciousness for one hour. The strength her limbs gradually returned, and 
admission St. Bartholomew’s Hospital four months after the acute episode, there 
was only minimal right hemiparesis. Skull films, electroencephalogram, and 
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lumbar puncture were normal. air encephalogram showed normal ventricular 
system except for small diverticulum projecting from the roof the left lateral 
ventricle. There was good filling the cortical subarachnoid spaces (fig. 9). 

The patient was then well until age 32. that time, she experienced the sudden 
onset headache, nausea, vomiting, and stiff neck. puncture her local 
hospital revealed bloody C.S.F. She made uneventful recovery and admission 
St. Bartholomew’s Hospital four months later, the neurological findings were the 
same those her first admission. Carotid arteriograms showed angioma, cm. 
diameter, the medial surface the left frontal lobe supplied greatly dilated 
and tortuous anterior cerebral artery. was decided not attempt removal 
that time. 

Seven years later, while running board bus, she abruptly developed severe 
headache and blurred vision. She remained bed for the next two weeks and then 
began have diplopia, and mild impairment memory. Four weeks 
after the onset this illness, she was admitted the St. Hospital 
under the care Mr. O’Connell. She was moderately lethargic and there 
were bilateral sixth nerve palsies and well-marked The signs her old 
right hemiparesis were present before. cranial bruit was audible. Carotid 
arteriograms showed change the appearance the angioma. 

One week after admission ventriculography was performed. The C.S.F. was under 
increas The fluid was clear and contained one and mg. 
per cent protein. The lateral ventricles were symmetrically enlarged and the width 
the third ventricle was mm. compared mm. 1942 (fig. position 
the angioma was marked slight depression the roof the left lateral 
ventricle, and just anterior this there was small porencephalic cyst. Both 
foramina Munro were widely patent, and the aqueduct and fourth ventricle were 
slightly dilated. Pictures taken considerable interval after manipulation the 
head showed that only very small amount air had escaped from the ventricular 
system into the cisterna magna. 

operation, the following day, old bloodstaining the frontal lobes was noted. 
Adjacent the angioma cleavage plane, due old led the body 
the left lateral ventricle. portion the angioma was seen extending into the roof 
this ventricle. blood clot was encountered. 

Ten days after removal the angioma, the patient’s extraocular movements were 
full and the was receding. the time discharge one month post- 
operatively she was asymptomatic and the neurological examination showed only the 
residua the old hemiparesis. 


COMMENTS 

This patient bled spontaneously from her angioma three occasions; 
one intracerebral hemorrhage occurred age and two subarachnoid 
ages and 39, respectively. likely that the two 
latter bleeds were intraventicular well subarachnoid, considering the 
extension both the angioma and the porencephalic cyst into the roof 
the lateral ventricle. intraventricular bleed would perhaps best 
explain the fact that block the flow cerebrospinal fluid was present 
the outlet from the fourth ventricle (see discussion). 

Comparison figs. and shows that marked hydrocephalus had 
developed the sixteen years between the two air studies. not 
possible say when this occurred, and some degree hydrocephalus 
may have resulted from her second subarachnoid hemorrhage age 32. 
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any event, the second subarachnoid hemorrhage was clearly responsible 
for the rapidly progressive hydrocephalus which produced the signs and 
symptoms her last admission. The subsidence the latter soon after 
operation makes tempting think that effective communication 
between the left lateral ventricle and the cortical subarachnoid spaces 
was established during removal the angioma. also conceivable 
that the improvement was part spontaneous the following case. 


Case No. 29340.) 


Air studies age three months after hemorrhage from deeply situated angioma 
showed moderate hydrocephalus and evidence posterior fossa arachnoiditis. 
second hemorrhage, age 14, was followed persistent headaches and later 
papilledema. Gradual improvement followed ventricular drainage. 


The patient had had normal birth and development. From the age she had 
complained recurrent, generalized headaches accompanied nausea and vomiting. 
the age she had unusually severe and prolonged headache. admission 
her local hospital, the fundi showed bilateral with hemorrhages and 
large vascular malformation near the right disc. was marked nuchal rigidity 
and the C.S.F. was heavily blood stained. the time transfer the Atkinson 
Morley’s Hospital, three months later January 1946, the only abnormality 
examination was the angioma the right fundus. air encephalogram was 
performed which c.c. C.S.F. were withdrawn and replaced equal 
quantity air. Brow-up views showed considerable amount air the cervical 
subarachnoid space, outlining the cord, but only moderate amount air had 
entered the pontine and interpeduncular cisterns. filling the other basal 
cisterns, the ventricles the cortical subarachnoid spaces had occurred (fig. 11). 
Two days later the C.S.F. within the ventricles was found under increased 
pressure and ventriculography showed moderate symmetrical dilatation the lateral 
and third ventricles (fig. 12). Both foramina Munro were dilated, but the aqueduct 
and fourth ventricle appeared normal. small amount air had escaped from the 
fourth ventricle. Although was thought that the hydrocephalus was due 
obstructive lesion the posterior fossa, was decided not operate the absence 
any neurological deficit. 

She remained well except for recurrent headaches until the day before her admission 
the National Hospital 6.2.51, under the care Dr. St.C. Elkington. that 
time she experienced acute exacerbation headache and suddenly collapsed. 

examination the following day, she was conscious but restless and lethargic, 
with marked nuchal rigidity. addition the previously noted vascular malforma- 
tion the right fundus, there were signs minimal left hemiparesis. She was 
febrile for the first few days only (101° F.). the fourth day the hospital, early 
was noted. Although she became more alert and the neck stiffness was 
less marked, her headaches and persisted. Ventricular drainage was 
therefore established 16.2.51, ten days after the bleed. The C.S 
greatly increased. The fluid was xanthochromic and contained celis but mg. 
per cent protein. Three days later ventriculography showed the same degree 
ventricular dilatation that had been present 1946. There was distortion the 
ventricular system and the foramina Munro were widely patent. small amount 
air had entered the cervical subarachnoid space. smooth, rounded defect was 
observed the body the right lateral ventricle. retrospect, this had been 
present 1946 and had not changed appearance. The ventricular drain was 


removed after this study. right carotid arteriogram showed large, deeply situated 
angioma the region the right caudate nucleus. Abnormal penetrating arteries 
near the commencement the middle cerebral artery led the malformation. 
was drained enormously dilated striothalamic and internal cerebral veins. The 
latter were responsible for the constant filling defect the two ventriculograms. 

Over the next two weeks, the patient steadily improved. The headaches, neck 
stiffness, and all subsided. Following discharge she continued 
suffer from intermittent headaches and vomiting before, and one year later she 
lapsed rapidly into coma and died home. post-mortem examination was 
obtained. 

COMMENT 


The combined results encephalography 
performed 1946, three months after the first bleed, were indicative 
arachnoiditis the base the brain and the posterior fossa with 
partial obstruction the outlet from the fourth ventricle. The 
angioma was such location that either subarachnoid intraventricular 
hemorrhage, both, could have occurred. 

This patient’s course following her second bleed particular interest. 
suggests that the persistent headaches and delayed were 
the result aggravation her pre-existing hydrocephalus the 
more recent subarachnoid hemorrhage. Spontaneous improvement, 
perhaps aided the ventricular drainage, clearly took place since the 
papilledema and headaches gradually subsided after the ventricular 
drain had been removed. 


Case No. 50746.) 


26-year-old male bled from intraventricular angioma two and possibly three 
occasions over the course two weeks. Three and half weeks after the last 
hemorrhage, ventriculography showed marked hydrocephalus with block 
the outlet from the fourth ventricle. 


This patient was perfect health until ten hours before his admission the 


time headache and vomiting were quickly followed coma. His level conscious- 
ness then improved and was found have had transient left hemiparesis, stiff 
neck and bloody C.S.F. outside hospital. admission the National 
Hospital that evening, was stuporose and restive, but there were other abnormal- 
ities examination except for the marked nuchal rigidity. Bilateral carotid angio- 
grams showed small angioma the trigone and temporal horn the right lateral 
ventricle. was supplied hypertrophied anterior choroidal artery. Four 
days later ventriculography, the C.S.F. was heavily blood stained and under 
increased pressure. There was slight, symmetrical dilatation both lateral and 
third ventricles (fig. 13). irregular filling defect the region the trigone the 
right lateral ventricle was produced the angioma. small amount air had 
escaped into the cervical subarachnoid space. 

4.3.54, the angioma was removed. Severe was encountered 
during operation; the patient was left with left hemiparesis. 7.3.54, the patient 
was semicomatose for several hours, and over the next ten days was intermittently 
stuperose. required tube feeding during this period, and there were almost daily 
temperature elevations 101° From 17.3.54 31.3.54, however, was more 
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National Hospital 22.2.54, under the care Mr. Wylie McKissock. that 
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alert, afebrile, and able feed himself. the latter date, ventriculography was 
repeated. The C.S.F. was xanthochromic and under increased pressure. The 
lateral and, particularly, the third and fourth ventricles were considerably more 
dilated than the previous examination (fig. 14). Both lateral recesses the 
fourth ventricle were greatly dilated, blunted and regular outline. air had left 
the ventricular system. 


Following this procedure the patient was once again febrile and intermittently 
stuperose. died 20.4.54, three days after transfer back his local hospital. 


COMMENT 


The mild hydrocephalus that was demonstrated this patient four 
days after his initial bleed must have been due factors other than 
meningeal fibrosis (see discussion). second bleed occurred during 
operation and the brief episode semicoma three days later may have 
represented third hemorrhage. marked degree hydrocephalus 
with block the outlet from the fourth ventricle was then present 
minimum three and half weeks after the last bleed. This time 
interval sufficient for early leptomeningeal fibrosis have played 
part the production the hydrocephalus. 


REVIEW THE LITERATURE 


This review has been limited those cases spontaneous subarachnoid 
hemorrhage which leptomeningeal fibrosis could reasonably 
invoked significant factor the development the hydrocephalus. 
Since fibrosis the meninges requires approximately ten days develop 
after subarachnoid hemorrhage, have not considered cases which 
hydrocephalus was demonstrated only prior this time. 


The essential features the cases collected from the literature are 
outlined Table The first detailed post-mortem report that 
Krayenbiihl and Liithy (1948). Their patient, 52-year-old woman, 
developed headaches and increased C.S.F. pressure some six months 
after spontaneous subarachnoid hemorrhage. air encephalogram 
showed gross dilatation the entire ventricular system with collection 
air cystic space over the left frontal lobe. previous air study 
two weeks after the hemorrhage had been normal. The post-mortem 
examination showed, addition the generalized ventricular dilatation, 
thickening, fusion and yellow-brown staining the leptomeninges 
the base the brain and over both frontal lobes. The fibrotic pia- 
arachnoid contained number small cystic spaces and was infiltrated 
with macrophages filled with iron pigment. Sclerosis the veins, 
was seen Case the present series, was particularly prominent. 
The Pacchionian granulations appeared normal. 


second patient, reported the same authors, was 38-year-old 
locksmith who developed apparently asymptomatic hydrocephalus 


the result three hemorrhages from anterior communicating artery 
aneurysm. 

Strain and Perlmutter (1954) reported single case 47-year-old 
male whom ventricular dilatation was noted the time operation 
for the removal aneurysm the anterior cerebral artery. spon- 
taneous subarachnoid hemorrhage had occurred five months previously. 
bleeding was encountered during the operative procedure 
and post-operatively repeated taps were required relieve elevated 
cerebrospinal fluid pressure and maintain the patient’s level conscious- 
ness. than per cent intrathecal injection phenosulpha- 
phthalein was recovered from the urine after two hours. arachnoid- 
peritoneal shunt was finally resorted with immediate improvement 
the patient’s condition. course events this case suggests that 
the hydrocephalus noted during removal the aneurysm had developed 
result the subarachnoid hemorrhage five months previously; and 
that acute exacerbation the hydrocephalus was precipitated the 
bleeding encountered during the operation. 

Foltz and Ward (1956) reported cases communicating hydro- 
cephalus from ruptured intracranial aneurysms. these (Cases 
and were treated with ventriculomastoidostomies 
and made almost complete recoveries. Case 
ventricular dilatation was present only one week after the second sub- 
arachnoid hemorrhage. However, the hydrocephalus persisted and 
was still present second air study six weeks Jater that permanent 
shunt was necessary. Their Case particularly remarkable that, 
the time ventriculomastoidostomy, the patient manifested severe, 
bilateral pyramidal tract signs and was described 
their fourth case (Case Table not certain any signs symptoms 
could attributed the hydrocephalus. Nevertheless, the post- 
mortem examination suggested that the hydrocephalus was due the 
organization blood within the basal cisterns. their fifth case, not 
included Table hydrocephalus was suspected from the angiographic 
appearance wide-swept anterior cerebral arteries but air studies 
were done and symptoms could attributed the hydrocephalus. 

The only previous report hydrocephalus complicating intracranial 
angiomas the adult that Askenasy, Herzberger, and Wijsenbeek 
(1953). Although time-intervals were given any their cases, 
probable that moderate hydrocephalus was demonstrated the first 
cases only during the active bleeding phase. their fourth case, 
however (Table I), post-mortem examination suggested that leptomenin- 
geal fibrosis was important the the hydrocephalus. The 
leptomeninges over the convexities and base the brain were thickened 
and showed striking proliferation fibroblasts and iron-containing 


phagocytes. 
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Others have also recognized this condition. (1959) has 
successfully treated adult lumboperitoneal shunt whom air 
encephalography showed communicating hydrocephalus due block 
the periphery the basal cisterns some three months after spontaneous 
subarachnoid hemorrhage. Walton (1956) and Stehbens (1954) both 
mention communicating hydrocephalus complication intracranial 
aneurysms. 

Fibrosis the leptomeninges was prominent feature the three 
cases hydrocephalus following subarachnoid hemorrhage which 
detailed post-mortem studies were carried out, i.e. our first case, the 
first case Krayenbiihl and Liithy and the fourth case Askenasy al. 
The extent and location the fibrosis each case appeared account 
for the impairment the cerebrospinal fluid circulation. seems 
reasonable interpret this fibrosis sequela the acute inflammatory 
reaction the meninges blood. If, however, some degree fibrosis 
the leptomeninges common following subarachnoid hemorrhage 
the studies Hammes would indicate, surprising that hydro- 
cephalus does not develop more often. Hammes explained this the 
basis that the fibrosis was usually patchy and focal distribution. Such 
factors the amount blood, and particularly the site the bleeding, 
may importance. might anticipated that the degree 
fibrosis would greater those patients who had bled more than 
one occasion. Table shows that cases, had bled two more 
times prior the demonstration hydrocephalus. also con- 
ceivable that some individuals low-grade reaction the meninges 
continues beyond the early acute stage, form chronic lepto- 
meningitis develops. this regard, the finding our first case 
hematoidin-like crystals within the pia-arachnoid adhesions may 
significance. Jackson (1949) found experimentally dogs that the 
agent blood causing the greatest meningeal irritation was “‘probably 
closely related bilirubin which occurs both amorphous and crystalline 
forms regions where blood breaking down the presence low 
oxygen tension; usually takes few days appear, but once formed 
extremely persistent. Such crystals might then provide continuing 
source irritation the leptomeninges. The persistence mild 
cerebrospinal fluid pleocytosis throughout the clinical course our 
first case and the prominence the chronic inflammatory cells within 
the interstices the leptomeningeal adhesions lend some support 
this suggestion. 

The best defined clinical syndrome which emerges from consideration 
the cases presented and reviewed here exemplified our first case, 
the first case Krayenbiihl and Liithy, and the fourth case 


Foltz and Ward. Such patients, with without history previous 
bleed, have subarachnoid hemorrhage, and after recovering from the 
acute effects begin develop some weeks months later variety 
symptoms. Prominent among these are headache and deterioration 
the level consciousness. Initially, and elevated 
cerebrospinal fluid pressure may absent. Eventually, semicoma and 
bilateral pyramidal tract signs ensue. Foltz and Ward have emphasized 
the importance recognizing such cases the absence 
was delayed five months our first case and almost nine 
months our second; while Foltz and Ward’s fourth case had not 
yet developed time when the patient was reduced state semi- 
coma and spastic tetraparesis. The bilateral pyramidal tract signs, which 
are late appearing, reflect the degenerative process taking place the 
white matter the corona radiata. The role the dilated lateral 
ventricles producing these changes stretching the fibre tracts their 
nutrient blood vessels has been already discussed the comment our 
first case. Foltz and Ward’s fourth case illustrates how completely and 
dramatically these and other signs may reversed ventricular drainage. 

Other cases have not followed the course outlined above but before 
discussing them further, factors addition leptomeningeal fibrosis 
must considered the etiology hydrocephalus which appears 
within the first two three weeks following subarachnoid hemorrhage. 
The blood and cellular exudate which accumulate within the basal 
cisterns and the foramina the fourth ventricle may, their physical 
presence alone, cause some obstruction the flow cerebrospinal 
fluid. increased cerebrospinal fluid protein has been proposed 
Gardner al. (1954) cause for certain cases increased intracranial 
pressure; the protein presumably impairing the absorptive capacity 
the arachnoid More recently some this evidence has been 
discounted Joynt (1958). any event, hydrocephalus apparently can 
develop within the first few days after subarachnoid hemorrhage, 
time when fibrosis the meninges could not contributing factor. 
Although have chosen not consider them detail the first three 
cases Askenasy and the first case reported Ghersi (1955) 
may fit into this category. our fifth case mild, but definite, hydro- 
cephalus was demonstrated ventriculography four days after the 
initial bleed. Gillingham (1958) has found this very early obstruc- 
tion the flow cerebrospinal fluid may itself responsible for 
high intracranial pressure requiring spinal drainage for relief. 

The role these additional factors the group cases which have 
reviewed best illustrated our fourth case and the case reported 
Strain and Perlmutter. these cases the initial bleed had led 
asymptomatic unrecognized hydrocephalus presumably result 
meningeal fibrosis. Immediately shortly after the next bleed, the 
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superimposed obstruction produced extravasated blood within the 
basal cisterns and other factors upset the delicate balance which had 
previously functioned adequately and the features decompensating 
hydrocephalus were grafted those acute bleed. Such cases, 
accordingly, could difficult recognize. Since these added factors 
may only temporary agents the aggravation the pre-existing 
hydrocephalus, short-term relief the raised intracranial pressure 
ventricular drainage may all that required. This proved true 
our fourth case. 


The first case Foltz and Ward illustrates another manner which all 
the factors have considered may operate the individual patient. 
this case only two weeks intervened between the first two bleeds and 
the onset coma. this time “tremendous ventricular dilatation” 
was demonstrated and immediate improvement the patient’s condition 
followed ventriculostomy. Yet the hydrocephalus persisted far beyond 
this early phase and the patient was still symptomatic and required 
shunt procedure many months later. reasonable suppose that 
the initial hydrocephalus was related predominantly such factors 
blood and cellular exudate within the basal cisterns, while the persistence 
the hydrocephalus was due subsequent meningeal fibrosis. 


already indicated, the site the aneurysm angioma may have 
important bearing whether not hydrocephalus develops, and 
will seen, correlates well with the location the block the cerebro- 
spinal fluid circulation. Table shows that the eight aneurysms which 
were demonstrated, four were the region the anterior communicating 
artery, two were the internal carotid and two were the upper end 
the basilar. Thus, all the aneurysms were site where bleeding 
and subsequent fibrosis would expected maximum the upper 
basal cisterns; and, indeed, this was the location the block all cases 
which adequate air contrast studies were made. Although middle 
cerebral artery aneurysms comprise between and per cent all 
aneurysms (Walton, 1956), none were encountered this small series 
which have reviewed. This may reflect the tendency for bleeding 
from middle cerebral artery aneurysm maximum the Sylvian 
fissure rather than the critical area the tentorial opening. Table 
also shows that the four angiomas with hydrocephalus were all entirely 
partially intraventricular. One the critical points which 
intraventricular hemorrhage might lead concentration blood and 
subsequent leptomeningeal fibrosis would around the outlet foramina 
the fourth ventricle. perhaps significant, therefore, that the 
block these cases, when demonstrated, was this site. Angiomas 
which not communicate with the ventricles and which are located 
over the surface the cerebral hemispheres would not expected 


produce maximum concentration blood either the upper basal 
cisterns around the exit foramina the fourth ventricle. 

Certain radiological features the cases communicating hydro- 
cephalus deserve further discussion. Those cases which air studies 
were reported full showed filling the pontine and interpeduncular 
cisterns and frequently filling the chiasmatic cistern well. These 
subarachnoid spaces were occasionally enlarged. filling the 
ambiens cistern occurred and, except for the first case Krayenbiihl 
and Liithy, air was seen pass upwards into the cortical subarachnoid 
spaces. effort determine how reliable the absence filling 
the cortical subarachnoid channels and ambiens cistern was indicating 
block the flow cerebrospinal fluid the outlet channels from the 
basal cisterns, review 150 normal air encephalograms from the 
Lysholm Department Radiology was carried out. There was only 
one case which the cortical subarachnoid channels did not fill, and 
this was woman who had bled from middle cerebral artery 
aneurysm two years previously but whom hydrocephalus was not 
present. Filling the ambiens cistern was less consistent and only 
occurred per cent the 150 normal subjects. have concluded 
from this brief survey, therefore, that the absence cortical air can 
used reliable radiological criterion when attempting evaluate 
questionable early cases communicating hydrocephalus. The 
absence filling the cortical sulci easily demonstrated encephalo- 
graphy c.c. air are injected with the head extended 
routine this department. If, however, ventriculography has been 
performed the sign can only recognized determined attempt 
made empty air out the ventricles into the basal cisterns. This 
best accomplished fully extending the head the submentovertical 
position with the head down. tilting table with shoulder supports 
facilitates this manceuvre. The fourth ventricle then the highest point 
the ventricular system and air would normally escape into the cisterna 
magna. The patient now returned supine, brow-up position and, 
possible, sitting-up position with the head extended. 

From therapeutic standpoint this complication subarachnoid 
hemorrhage deserves more general recognition. Undoubtedly spon- 
taneous resolution compensation takes place some cases but 
others temporary permanent shunting cerebrospinal fluid may 
required. The remarkable recoveries documented Foltz and Ward 
several their cases illustrate how much may achieved the 
therapy this condition. The experience with our first case suggests 
that ventricular drainage may need maintained for periods longer 
than one two weeks before being considered ineffective. Langmaid 
(1958) has suggested that repeated lumbar punctures performed during 
the acute phase subarachnoid hemorrhage, not only relieve head- 
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ache, but forestall the subsequent development hydrocephalus. 
However, Sprong (1934) found that repeated lumbar punctures did not 
hasten the disappearance blood from the cerebrospinal fluid patients 
with traumatic subarachnoid hemorrhage. The recent experimental 
study Adams and Prawirohardjo (1959) provides another reason for 
scepticism regarding this form therapy. They traced the fate radio- 
active chromium tagged red cells injected into the cisterna magna 
dogs. the end twenty-four hours, less than per cent the total 
dose remained the cerebrospinal fluid; per cent was recovered from 
the blood stream while the remainder was shown enmeshed and 
fixed the pia-arachnoid. doubtful, therefore, that any measure 
designed the cerebrospinal fluid blood will have much effect 
preventing this complication subarachnoid hemorrhage. Perhaps 
the use steroids during the the acute inflammatory reaction 
blood should considered, particularly patients who have bled 
previously. 
SUMMARY 


Five new cases hydrocephalus following spontaneous subarachnoid 
hemorrhage have been presented and cases from the literature have 
been reviewed. 

Nine these were due proven suspected congenital aneurysms 
near the circle Willis; middle cerebral artery aneurysms were 
encountered. The block the flow cerebrospinal fluid, when demon- 
strated air studies, was the upper basal cisterns. The absence 
filling the cortical subarachnoid spaces during such studies con- 
sidered reliable radiological sign block this area provided 
determined effort made fill these cortical channels. 

Four cases were secondary angiomatous malformations which were 
either partially entirely intraventricular. The block these cases, 
when demonstrated, was the outlet foramina the fourth ventricle. 
Multiple bleeds were common both groups cases. 

Post-mortem examination cases showed fibrous adhesions the 
pia-arachnoid containing variable number chronic inflammatory 
cells and hemosiderin-filled macrophages. These changes are presumed 
the residua the acute inflammatory reaction blood. The 
presence hemotoidin crystals within the interstices the adhesions 
one case raises the possibility chronic irritation the leptomeninges. 

The course the hydrocephalus some patients delayed and 
slowly progressive one characterized headaches and changes the 
level consciousness. Raised intracranial pressure and 
may late appearing entirely absent. Other patients, including 
some with pre-existing, asymptomatic hydrocephalus from previous 
bleed, develop symptoms related hydrocephalus within shorter period 


+ 


time after subarachnoid hemorrhage; these patients factors, other 
than, addition leptomeningeal fibrosis must postulated 
explain fully the development the hydrocephalus. The mere physical 
presence subarachnoid blood may one these factors. 

Temporary permanent shunting cerebrospinal fluid may bring 
about remarkable recovery. Drainage should continued for two 
more weeks suspected cases before being considered ineffective. 
unlikely that this complication subarachnoid hemorrhage will 
prevented repeated lumbar punctures during the acute phase 
subarachnoid bleeding. 
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LEGENDS FOR PLATES 
PLATE 
Legends Photographs and Photomicrographs (Figs. 1-6) 


Fics. and 2.—Clinorrhombic, anisotropic crystals the arachnoid, 
photographed ordinary transmitted light (fig. and polarized light (fig. 2). These 
crystals gave positive test with nitric and nitrous acids for bilirubin. 
and eosin. 


Fic. 3.—Coronal section cerebrum showing dilatation lateral and third ventricles. 


PLATE 


Fic. 4.—View the dorsum the thoracic spinal cord, showing dense, opaque 
thickening the arachnoid. 


Fic. 5.—Dense fibrous thickening the pia-arachnoid over the optic chiasm (above). 
Hematoxylin and van Gieson. 


Fic. 6.—High power view arachnoid adhesions just posterior the optic chiasm, 
showing numerous mononuclear cells and phagocytes containing 
and van Gieson. 


PLATE 
Legends X-ray Photographs (Figs. 


Fic. (Case 1).—Air encephalogram one month after subarachnoid hemorrhage 
showing hydrocephalus and air held the basal cisterns. 


Fic. (Case 2).—Ventriculogram nine months after subarachnoid 
showing hydrocephalus and failure air pass beyond the basal cisterns. 


Fic. (Case 3).—Air encephalogram four months after the first, chiefly intra- 
cerebral, hemorrhage showing normal ventricular system except for small 
diverticulum from the roof the left lateral ventricle. 


Fic. (Case 3).—Ventriculogram five weeks after the third, partially intra- 
ventricular, hemorrhage revealing marked increase size both lateral and third 
ventricles. porencephalic cyst present the left, but there significant 
distortion the lateral ventricle. 
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Fic. (Case 4).—Brow-up views after injection c.c. air into the lumbar sac, 
three months following the first hemorrhage from deeply situated angioma, showing 
air only the upper basal cisterns. Considerable air (not shown) was present the 
cervical subarachnoid space. 


Fic. (Case 4).—Ventriculogram two days later showing moderate hydrocephalus 
lateral and third ventricles; smooth defect right lateral ventricle due large 
striothalamic vein. 

Fic. (Case 5).—Ventriculography four days after first hemorrhage showing mild 
dilatation the lateral and third ventricles. 


Fic. (Case 5).—Repeat ventriculogram five weeks later, and least three weeks 
after last showing marked size the lateral and third 
ventricles. 


SARCOIDOSIS ASSOCIATED WITH PROGRESSIVE MUSCULAR 
WASTING AND WEAKNESS 


CROMPTON 
Institute Neurology, Queen Square, W.C.1 
AND 
MACDERMOT 
Department Neurology, St. Thomas’s Hospital, 


(1) INTRODUCTION 

THREE patients with sarcoidosis voluntary muscle are presented. 
Their interest lies the fact that during life there was clinical evidence 
sarcoidosis, other than that afforded two cases muscle biopsy. 
The clinical picture was that primary disorder muscle with pro- 
gressive wasting and weakness, and the diagnosis sarcoidosis was 
made finding the characteristic histological lesions the muscles. 
Since the first report Licharew (1908) sarcoid lesions voluntary 
muscle have frequently been demonstrated. the majority cases 
they were manifestations systemic sarcoidosis and there were 
symptoms referable the muscles. other cases, where muscular 
weakness was present, clinical evidence sarcoidosis was afforded 
the presence skin lesions, subcutaneous muscular nodules, 
hilar peripheral adenopathy and histological confirmation was subse- 
quently made (Mucha and Orzechowski, 1919; Bates and Walsh, 1948; 
Powell, 1953; Warburg, 1955). Only cases disorder muscle with 
clinical evidence sarcoidosis have been reported (Devic, Masson 
and Bonnefoy, 1955; Ammitzboll, 1956; McConkey, 1958). The diag- 
noses were made muscle biopsy, and the present post-mortem 
studies have been reported this group cases. this paper the 
autopsy findings the patients are described and discussed. 


(2) DESCRIPTION CASES 
Case 
woman aged was admitted the National Hospital, Queen Square, complain- 
ing progressive weakness for eighteen months, first the legs and later the arms 
and trunk. She also noticed reduction the expulsive power the bowel and 
nocturnal frequency. There was relevant family history. the past she had 
been housewife and good health. 
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examination there was weakness the facial, bulbar neck muscles. 
the upper limbs there was generalized reduction power, more marked some 
muscles than others, and more marked the left than the right side. the 
lower limbs there was generalized weakness more marked proximally. The supinator- 
jerks, the right knee-jerk and both ankle-jerks were depressed, but otherwise tendon 
reflexes were present and equal. Sensation was normal. There was slight weakness 
the trunk muscles and the gait was waddling. General examination revealed 
abnormality any other system. 


Investigations (see Table 

ESR was mm. one hour. White cell count was 4,200 per c.mm. (polymorphs 
per cent, lymphocytes per cent, monocytes per cent, eosinophils per cent). 
Urine showed albumen many red cells and leucocytes; occasional granular casts. 
Serum protein estimation showed 5-84 grammes per cent (albumen 2-57 grammes per 
cent; globulin 1-04 grammes per cent) and serum electrophoresis was normal. 
X-ray chest showed abnormality. ECG was normal. 


TABLE I.—CLINICAL INVESTIGATIONS 


Case Case Case 

Blood 

Hemoglobin 90% 91% 

White blood cells 9,000 per c.mm. 5,300 

Differential Eosinophils Normal Normal 

ESR hour 

(Westergren) 30mm. 14mm. 2mm. 

Plasma 

Sodium 136 134 139 

Serum 

Calcium 

Electrophoresis Normal Normal Slight increase 

globulin 

Thymol turbidity units units 

Alkaline phosphatase units (KA) units (KA) 
Urine 

Albumen 


17-ketosteroids 


Granular 


5-0 mg. (24 hours) 


Sputum 
AFB 


Stool 
Occult blood 
Fecal fat absorption 


Glucose tolerance test 
(Blood sugar after 
hour) 
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Negative 


320 mg. 


Normal 


255 


Positive 1:100 


Mantoux Negative 1:100 

CSF Normal 

X-ray 
chest Normal Fibrosis apex Normal 
barium swallow Absent peristalsis 
barium meal Normal Normal Normal 
barium enema Normal Normal Normal 
femur and pelvis Osteoporosis 
cervical spine Cervical spondylosis 
IVP Calculus ureter Normal 

ECG Normal Ventricular extrasys- Normal 

toles 
EMG Small broken-up Myopathy Myopathy 


MU’s 


(1) deltoid 
peroneus 

(2) deltoid 
peroneus 


Muscle anterior tibialO Dorsal 


sarcoid) 


EMG exploration showed spontaneous fibrillation. The motor units were 
generally small, sharp and excessively “broken-up” appearance. Biopsy the 
skin showed abnormality. Biopsy the left tibialis anterior muscle showed 
changes consistent with polymyositis. 

diagnosis polymyositis was made and the patient was discharged taking 
100 mg. Cortisone daily. The muscular weakness, however, gradually increased 
and after two years steroid therapy the patient was readmitted having had several 
attacks renal colic. Examination this occasion showed marked wasting and 
weakness both upper and lower limbs, chiefly proximal, and more marked the 
left side. Tendon reflexes were present and equal and plantar responses flexor. 
Sensation was normal. The trunk muscles were weak. General examination 
showed mild degree Cushing’s syndrome. The cardiovascular system showed 
abnormality and the blood pressure was 150/80 mm.Hg. 


Investigations.—Intravenous pyelogram showed renal calculus the right ureter. 
X-ray the dorsal and lumbar spine showed osteoporosis and partial collapse the 
body T.8 vertebra. The blood urea was mg. per cent. ESR was mm. 
one hour. cells were seen. 
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The Cortisone therapy was gradually withdrawn and the blood and urinary calcium 
were found slightly lower than normal and the excretion 17-ketosteroids and 
ketogenic steroids was reduced. Two months later the patient’s acquired Cushing’s 
syndrome had almost disappeared. Death occurred suddenly three and half years 
after the onset her illness. 


Post-mortem Findings (see Table 

The muscles were very pale, expecially the gluteus maximus, biceps brachii, triceps, 
deltoid, latissimus dorsi, biceps femoris and pectoralis major which were greyish 
appearance, appearing consist admixture fat with the muscle tissue. 


TABLE LESIONS SUGGESTIVE 
SARCOID FOUND POST-MORTEM CASES AND 


Case Case 


Muscles 
Body organs 
Heart 
Central nervous system 


Portions the sternomastoid, thenar muscles, gluteus maximus, quadriceps, biceps 
brachii, triceps, deltoid, latissimus dorsi, supinator, peroneus, biceps femoris and 
pectoralis major muscles were removed from both sides, together with tissue from the 
pharyngeal constrictor muscles and the diaphragm. Fixed and embedded specimens 
were sectioned and stained with hematoxylin and eosin and van Gieson and included 
portions the sciatic, median and lateral popliteal nerves. 
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Changes were present all the muscles examined, being most severe and profuse 
the biceps brachii, latissimus dorsi and quadriceps muscles, moderate severity 
the triceps, biceps femoris, gluteus maximus, sternomastoid, diaphragmatic, deltoid 
and peroneal muscles, and least extensive the supinator, pharyngeal and thenar 
muscles. The lesions consisted elongated, fusiform granulomatous aggregations 
cells, lying mainly between the muscle fibres and within their connective tissue 
sheaths, but also involved portions one more fibres many instances. These 
cell collections consisted epithelioid cells and multinucleated giant cells 
Langhans type. There were lymphocytes around the periphery the lesions. 
Delicate collagen and reticulin fibres were present throughout the lesions, lying 
between individual cells. necrosis caseation was seen. The appearances 
were those sarcoid (see figs. and 3). 

These lesions were scattered diffusely and evenly throughout the sections and only 
very occasionally was there confluence two more granulomata form larger 
masses. Muscle fibres adjacent involved the sarcoid lesions revealed atrophic 
and degenerative changes ranging from thinning fibres vacuolation and plas- 
modial regression. Similarly, marked granular floccular degeneration and cellular 
regression muscle fibres involved the lesions were seen some sections (see fig. 2). 

There was evidence neural muscular atrophy any the sections examined 
and the nerve fibres within the muscles showed significant changes. All the 
muscles showed increased amount adipose and collagenous tissue lying between 
the fibre bundles and occasionally between individual muscle fibres. The increase 
collagenous tissue appeared absolute and not relative the loss muscle 
fibres. biceps brachii and gluteus maximus muscles showed the greatest degree 
fibro-fatty replacement muscle tissue. Throughout the muscles, the muscle 
spindles did not show any significant changes, and the peripheral nerves appeared 
normal. 

Macroscopic and microscopic examination the central nervous system showed 
abnormalities. 

There was ounce clear, yellowish fluid the pericardial sac. The heart was 
not enlarged (weight 320 grammes). There was severe atheromatous narrowing 
the left coronary artery two inches from its origin. Histologically the myocardium 
appeared normal except for the presence polymorphonuclear leucocytes 
between the muscle fibres some regions. This finding was not considered 
histologically significant enough indicative early myocardial infarction. 

The /ungs appeared normal except for the presence very occasional small 
sarcoid lesions. 

The spleen weighed 200 grammes and was congested with tense capsule. 
contained numerous sarcoid lesions both the white and red pulp. 

The /ymph glands were not enlarged but contained sarcoid lesions. The giant 
cells within some these granulomata contained basophilic, concentrically laminated, 
yeast-like Schaumann bodies within their cytoplasm (see figs. and 5). 

The suprarenal glands weighed grammes (left) and grammes (right). The 
cortex appeared very thin and lacked its normal orange yellow colour. 
Microscopically the cortical cells were seen small, especially the zona 
glomerulosa, and appeared devoid secretory vacuoles granules. There 
was evidence cortical fibrosis. The pituitary and thyroid appeared normal. 

The kidneys each weighed 130 grammes and showed macroscopic and microscopic 
evidence moderately severe chronic pyelonephritis. There was internal and 
external hydronephrosis the right kidney and the right ureter was dilated about 
three times its normal diameter down point in. below the rim the true pelvis 
where long, hard brown calculus was impacted. There was also small 
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calculus, in. diameter, within one the middle calyces the right renal pelvis. 
The bladder showed the changes long-standing, chronic cystitis. 

The bones showed marked softening, and the collapsed eighth thoracic vertebral 
body was filled with brownish-red marrow. Microscopy revealed the changes 
osteoporosis. very occasional, small sarcoid granuloma was present within the 
cancellous bone, but these were not considered have caused the collapse, which 
was due osteoporosis. 

Gram’s stain and stains for acid-fast bacilli failed reveal organisms within the 
lesions the muscles viscera. 


Case 


woman aged was admitted St. Thomas’s Hospital complaining difficulty 
using her right leg since the age and difficulty using her left leg and both 
arms since the age her family sister and brother were diabetic. Between 
the ages and years she worked nurse. the age she had episode 
weakness the legs lasting six months following attack abdominal pain. 
the age obstruction the bowel was relieved surgically and years 
age cholecystectomy for gall-stones was performed. this time diabetes was 
diagnosed and treated diet. 

the age years, three months after painful septic burn the right leg, 
the pain the right leg was followed weakness. During the next five years pain 
the left leg and both arms was followed weakness which was most marked 
proximally. Painful chiefly the lower limbs, persisted and the 
weakness increased. years age she was bedridden and within the next three 
years lost the use her hands. She had dysphagia from this time, chiefly for solids, 
and had difficulty chewing. There was sphincter disturbance and alteration 
bowel habits, but intermittent colic occurred. There were transient episodes 
swelling the legs and arms but skin rash. 

examination she was grossly disabled. There was facial weakness. The 
palate was atrophic and the sternomastoids and trapezii showed wasting and weakness. 
the upper limbs there was severe generalised wasting and weakness with con- 
tractures the elbows. The abdominal muscles were weak and there was dorsal 
kyphosis. the lower limbs there was generalized wasting and gross weakness, 
most marked the hip and knee where there was almost movement, while peri- 
pherally ankle flexion was preserved. Tendon reflexes were absent throughout and 
plantar responses flexor. Sensation everywhere was normal. The skin her 
upper and lower limbs was atrophic. General examination was negative (see fig. 11). 
Investigations (see Table 

X-ray chest showed old fibrosis the right apex. Barium meal and follow- 
through and barium enema showed lesion the alimentary tract. X-ray 
hands showed bony lesion. Serum protein estimation and serum electrophoresis 
were normal. ESR was mm. one hour. ECG showed multiple ventricular 
extra systoles. CSF was normal. The Mantoux test 100 dilution was nega- 
tive. Thymol turbidity was units. EMG exploration number muscles 
showed spontaneous activity rest. volition complete reduced pattern 
low amplitude short duration potentials was obtained. Muscle biopsy was 
performed two occasions. 


Histological Examination 


(1) Interdigital muscle only abnormality consisted irregular masses 
cells non-specific type resembling fibroblasts epithelioid cells, lying adjacent 
blood vessels. These were considered little diagnostic significance. 


(2) Deltoid (see fig. 6).—Numerous elongated and spindle-shaped granulomata 
were present lying between the muscle fibres and involving their fibrous tissue sheaths. 
They consisted epithelioid cells and centrally situated Langhans-type giant cells, 
together with lymphocytes around the periphery, the whole resembling sarcoid. 
Often there were confluent masses these granulomata forming sizable nodules. 
There was severe muscle destruction and degeneration especially adjacent the 
lesions. Many muscle fibres were large and hyaline with increased number 
sub-sarcolemmal nuclei, many which were centrally situated. Some fibres were 
basophilic and contained numerous large hypochromatic sub-sarcolemmal nuclei with 
one three prominent nucleoli. There was phagocytosis some muscle fibres and 
vacuolation others. Fibrous replacement muscle fibres was widespread. The 
small nerves appeared normal. 


Treatment and progress.—A course Prednisone mg. daily was started with 
some possible subjective improvement. After recovery from episode pneumonia 
and right lower lobe collapse she returned home, taking Prednisone mg. daily. 
Four months later she became somewhat confused mentally and complained chest 
pains. She died suddenly about month from the onset these symptoms. 


Post-mortem Findings (see Table 

The muscles were very pale and portions the triceps, flexor pollicis brevis, deltoid, 
ileo-psoas, peroneus, erector spinae, tongue and external ocular muscles were removed 
and examined, Case 

Microscopically there was extensive damage the muscles but unlike the original 
biopsy deltoid the most striking changes comprised cellular collections and dense 
fibrosis. The cells lay the fibrous tissue sheaths and between the muscle fibres and 
consisted mainly lymphocytes, together with very occasional cells epithelioid 
type. Apart from these there was diffuse infiltration chronic inflammatory cells 
between the muscle fibres. Discrete granulomatous lesions were absent except for 
one the flexor pollicis brevis which consisted well-defined, spindle-shaped 
collection typical epithelioid cells surrounded lymphocytes. giant cells 
were seen. general the lesions were more diffuse than the biopsy specimen and 
were not suggestive sarcoidosis. The occasional atrophied muscle fibres 
running through the collections round cells showed cytoplasmic vacuolation, 
granular degeneration, and proliferation sarcolemmal nuclei which were frequently 
large with prominent nucleoli. Some fibres showed faintly basophilic cytoplasm, 
cellular regression and phagocytosis. 

The fibrosis was both localized and diffuse and consisted increase the 
fibrous tissue the muscle sheaths. the localized areas, atrophied muscle fibres 
ran through the spindle-shaped fibrous nodules. Reticulin impregnation revealed 
fine network running through the collections small round cells. Occasionally 
similar appearance could seen some the fibrous nodules, suggesting that these 
may have originated cellular aggregations (see fig. addition the fibrosis, 
there was considerable replacement muscle fibres adipose tissue. muscles 
examined, all were affected except for the external ocular and erector muscles, 
which significant abnormality was seen. The changes were not severe the 
tongue. 

Sections the and optic nerves were normal. 

Sections numerous levels the spinal cord revealed evidence sarcoid the 
parenchyma leptomeninges. There was definite loss anterior horn cells 
sections the lumbo-sacral cord but there was other significant abnormality. 

The /ungs showed scarring both apices together with fibrosis and bronchiectasis 
both lower lobes. Histological sections revealed pleural and parenchymal fibrosis 
together with emphysema and bronchial and peribronchial inflammatory exudate. 
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There were frequent collections lymphocytes, often containing giant cells 
Langhans type, many which contained basophilic, laminated, conchoidal bodies. 
Occasionally these bodies contained intensely doubly refractile crystals described 
Williams (1960) Boeck’s sarcoid (see fig. 8). 

The kidneys were small (70 grammes, grammes), the capsules did not strip 
easily and there was moderate degree nephrosclerosis. 

Macroscopically the heart (470 grammes) revealed fibrino-purulent pericarditis, 
while microscopically there was acute interstitial myocarditis with mural thrombus 
containing many polymorphonuclear leucocytes. 

The /iver was small (820 grammes) with severe centrilobular congestion. 

Lymph glands adjacent the thymus revealed much hyaline fibrous tissue alongside 
the sinuses. The appearance though suggestive, provided 
definite evidence previous sarcoid. 

abnormality was seen the other organs and caseation acid-fast bacilli 
could demonstrated any muscles body organs. 

The vertebre the lower lumbar region showed marked softening but sarcoid 
lesions were seen. 


Case 

woman aged was admitted St. Thomas’s Hospital complaining weakness 
the arms and attacks diarrhoea since the age 17, and weakness the legs since 
the age 53. There was relevant family history. She worked teacher 
between the ages and and received adequate diet. Herniorrhaphy was 
performed the age and appendicectomy the age 45. 


the age she noticed difficulty raising heavy weights with her arms. From 
this time she began have intermittent diarrhoea, passing about three loose stools 
There was little change her condition until the age when she noticed 
swelling the ankles which spread involve the legs and finally the lower abdominal 
wall. She was admitted hospital and improved. the age she noticed 
further weakness her arms and wasting her right shoulder. the age 
she was readmitted hospital with cedema the ankles, weakness both arms, weak- 
ness the hands and difficulty climbing stairs, and year later she gave work. 
the age she was first admitted St. Thomas’s Hospital, where after extensive 
investigations diagnosis myopathy and chronic diarrhoea was made. From 
then onwards there was progressive weakness the arms and legs but the cedema 
and almost subsided after the age 64. this time she was unable 
dress herself and was almost bedridden. She was readmitted St. Thomas’s Hospital 
the age unable feed herself stand, and was found have lost about 
two stone weight during the preceding two years. She had dysphagia, dyspneea, 
sphincter disturbance, and there was skin rash. 

examination this occasion she was unable hold her head erect. There 
was facial weakness but the sternomastoids and trapezii showed gross wasting and 
weakness. There was gross wasting and weakness the shoulder girdle muscles and 
generalized wasting and weakness the arms. The hands were almost useless with 
flexion the fingers the metacarpophalangeal joints and extension the inter- 
phalangeal joints. Tendon reflexes were absent. There was gross flaccidity 
the abdominal musculature with abdominal distension. Marked lumbar lordosis 
was present. the lower limbs wasting was not evident. Muscular weakness was 
severe proximally and less marked the ankles and feet. Tendon reflexes throughout 
were absent. Sensation was normal and the skin her hands and lower legs was 
atrophic. General examination was negative (see fig. 12). 
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Investigations (see Table 

X-ray chest and pelvis showed osteoporosis and barium meal and follow- 
through and barium enema were normal. Serum protein estimation and electro- 
phoresis showed slight increase globulin. Glucose tolerance test was abnormal 
(blood sugar 255 mg. per cent after one hour). Liver function tests were normal. 
Fecal fat absorption was normal. Mantoux test 100 dilution was positive. 
EMG exploration showed spontaneous activity rest; the pattern volition 
was reduced some muscles and complete others and consisted low amplitude 
short duration potentials. 

Biopsy was performed the deltoid and peroneus the right side. year later 
second biopsy was performed the corresponding muscles the left side. 


Histological Examination 

(1) Right deltoid—Macroscopically the muscle was very pale, being replaced 
mainly fat and some fibrous tissue. Microscopically there were numerous collec- 
tions cells between the muscle fibres and the adipose tissue. These consisted 
epithelioid and giant cells Langhans type, surrounded lymphocytes, but 
some areas eosinophil leucocytes were present moderate numbers. These lesions 
resembled sarcoid. The nerve within the muscle appeared normal. 

Right peroneus longus.—There was considerable replacement muscle fibrous 
tissue and fat. Collections epithelioid cells surrounded round cells similar 
appearance those the deltoid were present, but multinucleated giant cells 
were seen. Nerve fibres appeared normal. 


(2) Left deltoid (see figs. and appearance was similar the previous 
biopsy but there were more sarcoid granulomata containing giant cells and these 
contained abundant reticulin. The nerves were normal. 

Left peroneus lesions were less severe than the previous biopsy. 
There was significant fatty fibrous replacement. There were only occasional 
epithelioid and lymphocyte collections with degeneration adjacent muscle fibres. 

acid-fast bacilli could demonstrated the biopsy sections. 


Treatment and course Prednisone mg. t.d.s. was started and 
considerable improvement was noticed the patient. The dose was reduced two 
months later because excessive water retention. the reduced dose the patient’s 
muscle power returned the previous level. After six months improvement 
was seen, steroid therapy was withdrawn. 


(3) 

None the present cases showed any clinical manifestations 
sarcoidosis. There was peripheral adenopathy and neither cutaneous 
lesions nor palpable muscular nodules were present. The liver and spleen 
were not enlarged. There were ocular lesions and enlargement 
the lacrimal parotid glands. Except for old apical fibrosis Case 
X-ray chest was negative all cases, and deposits sarcoid were 
seen X-ray other bones. Apart from cesophageal weakness 
Case radiological evidence lesions the alimentary tract any 
case was found. disorder calcium metabolism was found other 
than that which might follow prolonged immobilization steroid therapy. 
marked abnormality the serum proteins was found quantita- 
tive estimation electrophoresis. electro-cardiographic evi- 
dence cardiac involvement was found. 
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All patients were elderly women whose ages first admission 
ranged from years. case was there relevant family 
history. Cases and the condition was long standing and slowly 
progressive with more rapid deterioration later life. Case the 
duration the disease before death was four years. case was any 
objective benefit derived from steroid therapy. all patients the 
distribution muscular wasting and weakness was similar, with relative 
sparing the muscles supplied the cranial nerves with the exception 
the sternomastoids and trapezii. The involvement the trunk and 
limb muscles was widespread and severe, but was most marked the 
limb girdles and proximal limb muscles. Tendon reflexes were absent 
and there were contractures slight degree. Dysphagia was present 
Case and weakness defecation Case There was muscle 
tenderness, but severe were present Case 

Investigations revealed eosinophilia per cent Case and 
ESR mm. and mm. one hour Cases and respectively. 
Microscopy the urine Case showed the presence many red 
cells and occasional granular casts. The Mantoux test Case was 
negative dilution. glucose tolerance test show mild 
diabetic type curve Cases and but neither case was glycosuria 
present. Electromyography showed myopathic pattern all cases. 
other significant abnormalities were found (see Table I). 

the cases previously reported (Devic al., 1955; Ammitzboll, 
1956; and McConkey, 1958) were women. The ages the patients 
varied from years, and the duration symptoms ranged from 
three ten years. all cases the distribution muscular wasting and 
weakness was mainly proximal. one case the ESR was raised and 
another the Mantoux test was negative 100 dilution and there 
was increased serum globulin. Unlike the present cases, all showed 
favourable response steroid therapy. Thus all patients presented 
cases primary disorder muscle which the nature the patho- 
logical process was determined histological examination muscle. 
The associated systemic was, the present cases, only 
revealed post mortem. 

The cases which autopsy was performed both showed lesions 
histologically suggestive sarcoidosis the body organs. neither 
case was there evidence caseation and acid-fast bacilli were found. 
Macroscopic lesions were not found either case. Case the lesions 
were widespread, involving number organs (see Table II) and histo- 
logically were characteristic sarcoid. Case lesions were found 
two sites only. the lungs the presence epithelioid cells and 
Langhans-type giant cells containing Schaumann bodies were findings 
suggestive sarcoidosis, which was further supported the discovery 
paramyloid the lymph node. noteworthy that sarcoid 


lesions were found the heart muscle the present cases. The associa- 
tion myocardial and voluntary muscle sarcoid was reported Bates 
and Walsh (1948) with review previous cases, and Powell (1953). 
The appearances the lesions the post-mortem specimens muscle 
Case the biopsy deltoid Case and both the biopsies 
deltoid and peroneus Case were accord with the description 
muscle sarcoid given Adams, Denny-Brown and Pearson (1953). 
The spindle-shaped granulomata lay within and between the connective 
tissue sheaths the muscle fibres. The fibres adjacent the lesions 
were narrow and showed degenerative changes and there was con- 
siderable replacement muscle fibres fibrous and fatty tissue. Only 
very occasionally did the small spindle-shaped granulomata coalesce 
form larger masses they did the reported cases which nodules were 
palpable clinical (Snorrason, 1947; Krabbe, 1949; Maurice, 1955). 
There was evidence neural muscular atrophy, described 


occasional finding Adams (1953) due involvement peripheral 


nerves sarcoid. All the peripheral nerves appeared normal, and 
Cases and there was histological evidence sarcoidosis the 
central nervous system. 


The difference between the histological appearance the muscle 
removed biopsy and that examined post-mortem Case remark- 
able. The biopsy specimen was sectioned number levels and the 
lesions seen all sections were characteristic sarcoid. the post- 
mortem specimen the apparent replacement the sarcoid lesions 
fibrous tissue cannot assumed the result steroid therapy, since 
sarcoid lesions may regress spontaneously. Case where steroids 
had been given for similar period time, this gross interstitial fibrosis 
was not seen. 


The the condition remains obscure. possible that 
sarcoidosis develops muscles affected pre-existing disorder 
muscle. favour this suggestion the fact that Cases and 
muscular weakness was first noticed the ages and respectively, 
but progression the wasting and weakness was rapid only later life. 
Case later development sarcoidosis may account for the absence 
lesions the first biopsy and their presence the same muscle post 
mortem. 


The large number muscles involved Cases and striking (see 
Table Case lesions were present all the fourteen muscles 
examined; Case six out eight muscles removed were involved. 
Thus sarcoidosis voluntary muscles was both cases widespread 
throughout the muscular system and was associated with clinical wasting 
and weakness. The lesions the body organs, even widespread 
Case caused little disturbance, either constitutional local. 
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This type generalized sarcoidosis muscle with symptomless 
involvement other organs appears condition distinct from that 
which clinically manifest systemic sarcoidosis associated with 
coincident muscular lesions. 


SUMMARY 


(1) patients are presented whom sarcoidosis muscle was found 
histological examination. The reports three previous similar cases 
are reviewed. 

(2) All the patients showed clinical picture progressive muscular 
wasting and weakness which resembled that primary disorder 
muscle. 

(3) The usual clinical manifestations sarcoidosis were not found 
any case and routine investigations were non-contributory. 

(4) Treatment with steroids the present cases had beneficial effect. 

(5) Post-mortem examination two cases showed that the distribution 
the lesions the voluntary muscles was widespread and that the body 
organs were also involved. 

(6) suggested that sarcoidosis may develop muscles affected 
pre-existing disorder muscle. 


this paper was accepted for publication further cases histological 
sarcoidosis muscle have been reported (Brain, 1960). These are interest because 
the association sarcoidosis with other conditions. one case thyrotoxicosis was 
present and the other carcinoma the lung, addition the disorder muscle. 
the latter case the spleen, liver and regional lymph nodes also showed sarcoidosis. 
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LEGENDS FOR PLATES 
PLATE 


Fic. (Case 1).—Triceps muscle showing distribution sarcoid lesions. 
lin and eosin. x50.) 


Fic. (Case 1).—Biceps brachii muscle showing floccular degeneration and giant cells 
and Van Gieson. 


Fic. (Case 1).—Biceps femoris muscle showing reticulin fibres penetrating sarcoid 
nodule muscle. (Reticulin stain. 


Fic. (Case 1).—Lymph gland showing sarcoid nodules. and eosin. 
50.) 


PLATE 


Fic. (Case 1).—Lymph gland showing Schaumann body sarcoid nodule. 
and eosin. 


Fic. (Case 2).—Deltoid muscle removed biopsy showing sarcoid lesions. 
Fic. (Case 2).—Flexor pollicis brevis muscle removed post-mortem showing 
reticulin fibrosed sarcoid nodule. (Reticulin stain. 
Fic. (Case 2).—Lung showing giant cells and Schaumann bodies sarcoid nodule. 


and eosin. 


PLATE VII 


Fic. (Case 3).—Deltoid muscle showing sarcoid nodule. and eosin. 
140.) 


Fic. (Case 3).—Deltoid muscle showing epithelioid cells and giant cells sarcoid 
nodule. and eosin. 


PLATE VIII 
(Case 2).—General view patient. 
Fic. (Case 3).—General view patient. 
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THE HISTOLOGY THE NEUROMUSCULAR JUNCTION 
DYSTROPHIA MYOTONICA 


VIOLET 
Department Neurology, St. Thomas’ Hospital, London, 


(1) INTRODUCTION 


MYOTONICA familial disease affecting males and females, 
usually presenting adult life, characterized muscular wasting and 
weakness together with certain other features. The muscles mainly in- 
volved are the temporal, masseter, facial, sternomastoid and limb muscles, 
the latter those mainly affected being peripheral distribution. 
widespread disorder muscular contraction, myotonia, also present but 
noticed chiefly the tongue and the muscles involved grasping. 
The other features the condition are some degree mental defect, 
dysphonia, cataracts, frontal baldness, sparse body hair and testicular 
atrophy. Any the manifestations the disease may absent and the 
order presentation symptoms variable. The myotonia may precede 
muscular wasting many years may occur independently. those 
muscles which are severely wasted the myotonia tends disappear. The 
interest dystrophia myotonica lies the peculiar distribution muscle 
involvement and the combination disorder muscle function with 
endocrine and other dysplasic features. 

The results histological examination biopsy and post-mortem 
material have been described and reviewed numerous workers, notably 
Steinert (1909), Adie and Greenfield (1923), Keschner and Davison (1933), 
Hassin and Kesert (1948), Wohlfart (1951), Adams, Denny-Brown and 
Pearson (1953), Greenfield, Shy, Alvord and Berg (1957). None these 
investigators found conclusive evidence involvement the central 
nervous system. Examination sections muscle stained usual 
methods showed general that the characteristic feature dystrophia 
myotonica was the presence rows centrally placed nuclei otherwise 
intact muscle fibres. Other features such atrophy and hypertrophy 
muscle fibres, degeneration muscle fibres, and increase endomysial 
fibrous and fatty tissue appeared related the later stages the 
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disease, and were not obvious many was noted Adams 
(1953) and Greenfield (1957) that the muscle fibres were particu- 
larly liable fixation artefact. 

noteworthy that little mention was made changes the intra- 
muscular nerve fibres until the introduction Coérs (1952a) the intra- 
vital methylene-blue staining technique for muscle biopsy. muscular 
dystrophy Bowden and Gutmann (1946) and Adams (1953) found that 
the nerve fibres appeared normal. When the muscle fibres reached 
advanced stage degeneration, atrophic changes within the motor end- 
plates occurred, and finally with the disappearance degenerate muscle 
fibres, long branches the terminal nerve fibres were found ending 
blindly the endomysial tissue. These workers used silver staining 
methods. 

Using the methylene-blue technique was seen that abnormalities the 
innervation pattern were present dystrophia myotonica, which though 
similar those seen other myopathic disorders, showed certain charac- 
teristic features (Coérs, Coérs, 1955; Coérs and Woolf, 1959). The 
nerve fibres within the intramuscular nerve bundles were said 
normal. The more distal nerve fibres were seen show unusual 
profusion subterminal nerve sprouts. The end-plates were noted 
large and well formed. Nerve fibres were described which ran parallel 
muscle fibres and gave off short collateral sprouts. Another feature was 
the formation network ramifying nerve fibres round individual 
muscle fibres. suggested that this axonal sprouting secondary 
the combined effects degeneration and hypertrophy the muscle fibres, 


the present paper cases dystrophia myotonica are presented, the 
electromyographic and biopsy findings are described and alternative 
suggestion made the significance the distal nerve changes. 


(2) TECHNIQUES 


(a) The technique muscle biopsy using intra-vital methylene-blue stain nerve 
fibres described detail Coérs and the present series the deltoid 
was selected for biopsy all cases and two adjacent strips muscle were removed. 
embedded sections cut thickness were stained with hematoxylin 
and eosin, hematoxylin and Van Gieson, and trichrome stain. addition, order 
demonstrate intramuscular nerve fibres further sections were stained described 
Bodian (1937) and Romanes these sections were taken. 
Since the methylene-blue stained sections were cut thickness the course 
the distal nerve fibres they travel three dimensions between the muscle fibres 
was extremely difficult record photographically. Drawings were therefore made 
these sections, recording the appearances two-dimensional diagrams. 


(b) Electromyography was carried out described Bauwens (1955) selecting 
various muscles (see Table Using concentric needle electrode the muscle was 
explored and the pattern electrical activity recorded rest, minimum and full 
volition. two cases electromyography was done and one case record was 
made the pattern obtained volition. 
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TABLE 


Muscles Abductor Flexor Biceps Deltoid Tibialis Deltoid 
explored pollicis pollicis anterior carpi 

brevis ulnaris brevis ulnaris 
Biceps Extensor Flexor Extensor Extensor 
digitorum carpi radialis digitorum digitorum 
communis communis 
rest 
High 
frequency 
full volition 
Complete 
Normal 
Reduced 
Low 
amplitude 
short duration 


was not performed Cases and 


(3) DESCRIPTION CASES 


Case 1.—A male aged years first noticed symptoms his 14th year. 
grandmother and mother had cataracts. Examination showed bilateral ptosis, 
temporal wasting and facial weakness. the upper limbs the tendon reflexes were 
absent and the grasp was myotonic. 


Case 2.—A male aged first noticed symptoms his 18th year. His father and 
two brothers had cataracts. Examination showed low intelligence, frontal baldness, 
testicular atrophy and bilateral cataracts. The muscular system showed bilateral 
ptosis, temporal wasting, facial and palatal weakness, wasting and weakness the 
sternomastoids and trapezii, and percussion myotonia the tongue. The limbs 
showed generalized muscle wasting and weakness with depression tendon reflexes 
and marked myotonia grasp. 


Case 3.—A male aged was first noticed show symptoms his first decade. His 
sister and possibly maternal uncle were similarly affected. showed 
imbecility, frontal baldness, absence body hair, and feminine distribution fat, 
testicular atrophy, and bilateral cataracts. The muscular system showed temporal 
wasting, facial weakness, wasting and weakness the sternomastoids and trapezii and 
wasting the tongue. The limbs showed generalized muscle wasting and weakness 
most marked peripherally, with bilateral foot drop and absent tendon reflexes. The 
grasp was myotonic. 


Case 4.—A female aged 43, sister Case was probably first noticed show 
symptoms her second decade. Examination showed feeble-mindedness, frontal 
baldness, scanty body hair. There was facial weakness and wasting and weakness 
the sternomastoids. The limbs showed generalised weakness most marked 
peripherally. The tendon reflexes were almost absent and the grasp was myotonic. 
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Case 5.—A female aged was probably first noticed show symptoms her 
second decade. Her father, two paternal uncles and two brothers were similarly 
affected. Examination showed feeble-mindedness, frontal baldness. There was facial 
weakness and wasting and weakness the sternomastoids. The limbs showed slight 
peripheral wasting and weakness, absent tendon reflexes and percussion myotonia 
the thenar eminences. 


Case 6.—A male aged first noticed symptoms his 27th year. out his 
brothers were similarly affected. Examination showed speech defect, frontal 
baldness, feminine distribution fat and body hair, bilateral cataract. There was 
facial weakness and wasting and weakness the sternomastoids. The limbs 
showed peripheral wasting and weakness with absent tendon reflexes and myotonic 
grasp. There was marked weakness the trunk muscles. 


Case 7.—A female aged first noticed symptoms her third decade. members 
her family were known affected. Bilateral cataracts were removed years 
age. Examination showed weakness phonation, bilateral ptosis, temporal 
ing, facial weakness, palatal weakness, wasting and weakness the sternomastoids and 
myotonia the tongue. The limbs showed generalized weakness most marked peri- 
pherally, with absent tendon reflexes and myotonic grasp. There was weakness 
the trunk muscles. 


Case 8.—A male aged first noticed symptoms his 44th year. members 
his family were known affected. Examination showed low intelligence, weakness 
phonation, frontal baldness, testicular atrophy, bilateral early cataract. The 
muscular system showed temporal wasting, facial weakness, wasting and weakness 
the sternomastoids and posterior cervical muscles, and percussion myotonia the 
tongue. The limbs showed generalized wasting and weakness with bilateral foot-drop, 
absent tendon reflexes and myotonic grasp. The trunk muscles were weak and there 
was thoracic kyphoscoliosis. 

Case 9.—A female aged first noticed symptoms her 26th year. members 
her family were known affected. Examination showed sparse hair her head 
and body with coarse dry skin, weakness phonation, bilateral early cataracts. The 
muscular system showed bilateral ptosis, temporal wasting, facial weakness, and 
wasting and weakness the sternomastoids. The limbs showed generalized wasting 
and weakness most marked peripherally and most marked the upper limbs. The 
tendon reflexes were depressed and the grasp was myotonic. 


Case 10.—A female aged first noticed symptoms her 39th year. Her mother, two 
brothers, one sister and three daughters were similarly affected. Bilateral cataracts were 
removed years age. Examination showed weakness phonation, bilateral 
ptosis, temporal wasting, facial weakness, and wasting and weakness the sterno- 
mastoids. The limbs showed generalized wasting and weakness most marked peri- 
pherally with depression the tendon reflexes. The grasp was myotonic and there 
was percussion myotonia the thenar, thigh and anterior tibial muscles. 


(4) HisTOLOGY 
Paraffin Embedded Sections (see Table 
Variation muscle fibre calibre was diffuse and was very slight Case 
consisting occasional atrophic fibres. Cases and the degree 
variation was marked and number hypertrophic muscle fibres were 
present addition atrophic fibres. the remainder the cases the 
degree variation was moderate (see figs. and 15). 
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TABLE IT.—PARAFFIN-EMBEDDED SECTIONS 


Variation calibre 

Increased number sub- 

Central position sub- 


Basophilic 


Degeneration muscle 

Increase 

Increase endomysial 


Increase number, central location and chain formation sub- 
sarcolemmal nuclei was the most striking abnormality all cases. 
the cases was less frequent and Case occurred only occasionally. 
Groups consisting dozen more nuclei, sometimes relation 
atrophic muscle fibre were seen Cases and but were not 
frequent (see figs. 12, and 15). 

Basophilic staining and degenerative changes occurred occasional 
scattered muscle fibres all except Cases and case were these 
changes marked. slight increase number interstitial cells was seen 
Case only. Case “ring fibres” described Heidenhain 
(1918) were seen. 

Increase endomysial fibrous fatty tissue was not marked feature 
any case and was not seen Cases and Cases and there 
was slight increase fatty tissue without fibrosis. the remainder the 
cases some degree fibrous and fatty tissue increase was seen. 

Intramuscular nerve fibres were seen all cases, and all cases, even 


using routine staining methods, these nerve fibres appeared 


unusually small calibre. Using silver stains could seen that both the 
axons and myelin sheaths, when compared with normal controls, were 
involved this reduction calibre. The distal irregularities the axons 
were also seen with these methods. There was obvious increase the 
fibrous tissue the perineurium these fibres (see figs. and 17). 


Methylene-blue Stained Sections (see Table 

Abnormalities the axons and myelin were seen all cases 
present both the distal nerve fibres and also the intramuscular nerve 
bundles. The axons some places showed deeply staining swellings 
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TABLE STAINED SECTIONS 


Abnormal swellings 

Abnormal tortuosity 

Abnormal branching 

Abnormal length 

Abnormally large end- 

Abnormally small end- 

Abnormally elongated 


Profuse terminal 
branching with 


which were globular elongated and other places the calibre the 
swellings the myelin were seen which stained less densely than the axonal 
swellings (see figs. and places breakdown fibre substance 
occurred. 

Abnormal tortuosity nerve fibres was feature all except Case 
Case this was marked and was often associated with complex terminal 
branching (see fig. 4). 

marked increase nerve fibre branching, other than that which 
occurred pre-terminally relation the end-plates, was not feature 
except this case extremely complex branching occurred both 
distally and more proximally. 

few abnormally long nerve fibres were seen all cases, usually running 
parallel the muscle fibres. Fine beaded fibres were seen all cases 
(see fig. 8). 

There was considerable variation the size and appearance motor 
end-plates, the majority being abnormally small (see figs. and 6). 
Large straggling end-plates were seen all except Cases and (see 
figs. and 10). 

Elongated end-plates, running parallel muscle fibres were seen all 
cases (see figs. Ultra-terminal fibres were not frequent. 

The striking feature the majority the cases was the extremely 
profuse terminal branching the nerve fibres, with the formation 
multiple end-plates the same muscle fibre (see figs. and 8). 
some cases anastomosis appeared occur between the pre-terminal nerve 
fibres form network the surface the muscle fibres. 
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(5) 


The patients presented all showed the typical clinical features 
dystrophia myotonica. The duration symptoms referable the 
muscular system ranged from four years Case thirty-two years 
Cases and 10. the majority, symptoms had been present for more 
than twenty years. Except for Case all showed some degree weakness 
the deltoid, though weakness the peripheral muscles was more 
marked. All showed myotonic grasp. led fairly restricted lives 
except Case Case was bedridden. 

Electromyography various muscles showed the presence, all the 
cases tested, high frequency discharges rest (see Case 10, 
discharges were obtained from one the muscles tested but not from the 
other. full volition complete pattern was found all cases 
least one the muscles tested. two cases this pattern was composed 
normal potentials least one the muscles tested. the remainder, 
the potentials were low amplitude and short duration. Case 
normal pattern was obtained from one part and myopathic pattern from 
another part the same three cases one the muscles tested 
showed reduced pattern. The degree clinical weakness, some 
cases, appeared greater than would have been expected from the electro- 
myographic record. 

The histological findings the routine stained sections were the changes 
characteristic dystrophia myotonica. described previous work- 
ers, there was relatively little degeneration muscle fibres. The degree 
fibre atrophy, except Cases and was not marked. The typical 
appearance the subsarcolemmal nuclei was seen all cases, but all 
except four cases the degree was not marked. Case the degree 
abnormality was very slight. Increase fibrous fatty tissue was 
case marked. Intramuscular nerve bundles were seen all cases and 
all, even using routine stains, the calibre the nerve fibres was unusually 
small. This appearance was seen more clearly using silver stains when the 
axons appeared abnormally slender. Counter-staining the myelin 
sheaths showed that they also were unusually thin. 

Methylene-blue stained sections showed profuse terminal branching 
the nerve fibres described Coérs and 1955) and Coérs and 
Woolf (1959), together with anastomosis nerve fibres the surface 
muscle fibres, and the presence abnormally large and small motor end- 
plates. addition these distal abnormalities, striking feature was the 
abnormal appearance the axons and myelin which extended proximally 
and was seen the intramuscular nerve bundles. Swellings and irrgu- 
larities the axons and myelin were seen some places. other places 
there was marked reduction calibre and even complete breakdown 
nerve fibre substance. 

possible that the abnormal appearance the distal neurone 
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dystrophia myotonica may secondary changes the muscle fibres. 
alternative suggestion that represents primary defect the distal 
neurone. favour this view the fact that there was little obvious 
breakdown muscle fibre substance the majority the cases presented 
(see Table Some the patients were rather weaker than might have 
been expected from the electromyographic findings and the histological 
appearance their muscles. The weakness did not appear related 
clinical myotonia. whom myotonia grasp was the only 
symptom, there was weakness, electromyographic abnormality other 
than myotonic discharges, and the muscle fibres were mainly normal, yet 
the distal nerves showed considerable abnormality. unlikely that 
increase fibrous tissue contributory, since this was not marked any 
case and was absent Case 

Investigations myotonia have suggested that this phenomenon due 
abnormality the muscle fibres themselves and Harvey (1939), 
goats with congenital myotonia, found that the myotonia persisted after 
nerve section curarisation. man was found not abolished 
intra-arterial curare (Lanari, 1946; Landau, 1952) the intravenous 
administration d-tubocurarine mg. decamethonium mg. 
(Geshwind and Simpson, The evidence presented this paper 
suggests that, addition muscle fibre abnormality, there also 
neuronal defect dystrophia myotonica. 


(6) SUMMARY 


(1) The literature relating the histology the peripheral nerves and 
muscle dystrophia myotonica briefly reviewed. 

(2) cases dystrophia myotonica are presented whom muscle 
biopsy, using silver and methylene-blue staining techniques addition 
routine methods, was performed. 

(3) Attention drawn the abnormalities seen the nerve fibres 
within the intramuscular nerve trunks addition those found the 
distal nerve fibres and motor end-plates. 

(4) The electromyographic findings are described. 

(5) The significance the histological changes discussed and 
suggestion made that, addition disorder muscle dystrophia 
myotonica, there also neuronal defect. 
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LEGENDS PLATES 
PLATE 


Fic. (Case 1).—Swellings axons. Variation calibre nerve fibres. 
(Methylene-blue.) 


Fic. (Case 2).—Swellings axons and myelin. Variation calibre nerve fibres. 
(Methylene-blue.) 


Fic. (Case 3).—Complex terminal branching. (Methylene-blue.) 


Fic. (Case 4).—Tortuous nerve fibres. Complex terminal branching. 
Elongated end-plates and small end-plates. (Methylene-blue.) 


PLATE 


Fic. (Case 5).—Swellings axons and myelin. Small end-plates. (Methylene-blue.) 
(Case 6).—Small end-plates. (Methylene blue.) 
Fic. (Case terminal branching. Elongated end-plates. 
(Methylene-blue.) 


Fic. (Case 8).—Swellings axons and myelin. Fine beaded fibres. Large end- 
plates and elongated end-plates. (Methylene blue.) 
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PLATE 


Fic. (Case 9).—Swellings axons. Large end-plates and elongated end-plates. 
(Methylene-blue.) 


Fic. (Case 10).—Swellings axons and myelin. Variation calibre fibres. 
Large end-plates. (Methylene-blue.) 


Fic. (Control).—Normal innervation pattern. (Methylene-blue.) 


PLATE 
Fic. (Case 2).—Occasional atrophic muscle fibres. Increase number sub- 
sarcolemmal nuclei with chain formation. and eosin. 
(Case 2).—Chain formation subsarcolemmal nuclei. and 
eosin. 
Fic. (Case 1).—Slight variation muscle fibre calibre. and eosin. 
140.) 


Fic. (Case 5).—Moderate variation muscle fibre calibre, increase number. 
and central location subsarcolemmal nuclei. and eosin. 


(Case 5).—Intramuscular nerve bundles showing abnormally fine calibre nerve 
fibres. (Bodian stain. 280.) 
Fic. intramuscular nerve bundle. (Bodian stain. 
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PLATE XII 


Violet Mac Dermot. 


Fic. 12. Fic. 
Fic. 14. Fic. 15. 
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DELAYED RADIONECROSIS THE BRAIN FOLLOWING 
THERAPEUTIC X-RADIATION THE PITUITARY 


CROMPTON 
AND 
LAYTON 
(From the National Hospital for Nervous Diseases, Queen Square) 


IRRADIATION the brain has been carried out for many years 
therapeutic measure patients with neoplasms. was Fischer and 
Holfelder 1930 who first described case delayed radiation necrosis 
the brain man. This occurred seven years after the irradiation 
rodent ulcer. Markiewicz (1935) and Scholz and Hsii (1938) described 
delayed necrosis occurring eighteen months after the last exposure the 


brain irradiation. the former paper was for the treatment 
skin disease. full description the pathological findings delayed 
radiation necrosis the brain man was given Pennybacker and 
Russell (1948). Almost all the publications date are concerned with 
changes following the experimental irradiation animals the 
irradiation gliomas skin tumours man. This paper, however, 
concerned with delayed necrosis the brain man following the 
irradiation pituitary tumours. This complication X-ray therapy 
the pituitary does not appear have been fully described before. 
Irradiation pituitary adenomata therapeutic method long 
history and acknowledged value. was practised Cushing the 
earlier part the century and Henderson (1939), review 
Cushing’s series cases, found that post-operative X-radiation increased 
the number patients surviving five years without recurrence. Harvey 
Jackson (1958) stated that, his experience, cases receiving post- 
operative X-ray therapy have more lasting recovery than those receiving 
surgery alone. only recently the literature, however, that the 
danger delayed necrosis following therapeutic irradiation pituitary 
tumours, has been recognized. Jackson Richmond, 1958, briefly 
mentioned the first case that described this paper. such cases 
deterioration due delayed radiation necrosis the brain may not 
easily recognized either clinically autopsy, and the probability that 


irradiation the pituitary may increasingly used influence condi- 
tions such advanced malignant disease, essential hypertension, thyro- 
toxicosis, diabetes mellitus, infertility and menopausal disturbance, make 
important that the dangers delayed post-irradiation necrosis should 
recognized and that such cases should published. 


REPORTS 

Case 

first case was woman aged 55, who was first admitted the 
National Hospital, Queen Square, April 18, 1955, under the care Dr. 
Meadows. She presented with bifrontal headache, deterioration memory, recent 
drowsiness and deterioration vision. examination she had dense bitemporal 
visual field defects and pale optic discs. There was thrombosis the inferior 
temporal vein the left, but the disc pallor was thought secondary com- 
pression (Mr. Miller). She was just able see fingers with her right eye 
and could read only J.20 with her left. Plain X-ray films the skull showed 
enlargement the pituitary fossa suggestive intrasellar space-occupying 
lesion. Ventriculography revealed findings suggestive suprasellar extension 
intrasellar space-occupying lesion. She was surgically explored Mr. Wylie 
and large portion cystic tumour the pituitary was removed. 
This was reported Professor Blackwood chromophobe 
operatively her visual acuity improved J.6 the right, whereas she had only 
been able see fingers, and J.2 the left, whereas she had only been able 
see J.20. Only crescentic bitemporal field defects remained. June 1955, 
course X-ray therapy was begun under the direction Mr. Jackson Richmond. 
The physical factors were: 50cm. focal skin distance, H.V.L. 
Five cm. fields were directed the pituitary single plane. 
The field positions were radiographically controlled. Assessed tumour dose was 
four weeks. Maximum dose was 4,800 and the minimum dose was 
4,000 moderate dry erythema the scalp the treatment sites cleared one 
month. The treatment was completed July 1955. 


Twelve months after the completion the X-ray therapy, her vision commenced 
deteriorate, she had attacks nausea and giddiness, her memory and judgment 
became impaired and she developed right frontal headaches. She was readmitted 
October 11, 1956, which time she had gained weight and the week 
before readmission she had become disorientated and developed polyuria. 
examination she was drowsy and yawned frequently. She exhibited perseveration 
and nominal aphasia. There was marked bilateral grasp reflex. Her visual acuity 
had deteriorated J.16 both eyes. She now had marked bilateral optic atrophy. 
October she had what appeared hypopituitary crisis, with great somno- 
lence, slowed pulse and hypothermia, but recovered ten days treatment with 
thyroid extract and cortisone. October addition the residual, crescentic, 
bitemporal field defects she had defects the lower halves her visual fields 
both eyes. Three weeks after her readmission ventriculogram showed non-filling 
the third ventricle and was interpreted indicating large suprasellar space- 
mass. Surgical re-exploration revealed cystic adhesions the region 

the optic chiasm. These were broken down. There was evidence recurrence 
the tumour. She showed improvement post-operatively. Her vision remained 
unchanged. Despite attention electrolytes and endocrine replacement she 


1This the case mentioned Jackson Richmond (1958). 
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gradually deteriorated. Her temperature, pulse and respiration rose and her blood 
pressure fell and she died November 22, nineteen months after her first admission, 
and seventeen months after completion her X-ray therapy, Her final illness 
lasted five months. 


Autopsy (Professor William Blackwood) 

General autopsy.—The cortex both suprarenal glands was thin. There was 
atrophy and fibrosis the zona glomerulosa and great narrowing the zona 
fasciculata which was made very small cells. The thyroid gland was average 
size, nodular and contained considerable amount colloid. There was large 
amount fibrous tissue between the acini. were collections small round 
cells this fibrous tissue. Some acini were small, empty and lined cubical cells 
but the majority were large and full darkly staining colloid. 

Central nervous system.—There was enlarged sella turcica. Within this there 
was mass which had cystic centre filled with blood-stained fluid. The superior 
surface this pituitary tumour mass did not bulge appreciably above the upper 
margin the pituitary fossa. There was evidence compression distortion 
the optic nerves, chiasm tracts nor had the nerves been pushed against the 
anterior cerebral and anterior communicating arteries. The optic nerves were 
normal size but were composed partly translucent tissue (fig. translucency 
also affected the left mammillary body. There was slight uncal herniation, especially 
the right side, but flattening the cerebral hemispheres. The uncus each 
side appeared affected process which had made part more transparent 
and part necrotic looking. section, after fixation (fig. 2), there was obvious 
swelling and necrosis the hypothalamus, uncus, major portion the amygdaloid 
nucleus, the posterior part the optic chiasm and the commencement the optic 
tract each side. This necrosis was firm and white centrally and was usually bordered 
firm greyish margin which there appeared dilated blood vessels filled 
with blood. The hypothalamic necrosis merged anteriorly with cortical laceration 
and orange pigmentation the paracentral portion the undersurface the frontal 
lobe. Here the anterior cerebral arteries had concentrically thickened walls. 
Posteriorly this hypothalamic necrosis extended beyond the corpora 
and upward into the massa intermedia which was enlarged and the paraventricular 
portions each thalamus. The inferomedial portion each lentiform nucleus, 
the level the corpora mammillaria, was necrotic. The necrosis did not extend 
into the mid-brain. 


Histological findings (Sections were cut from material embedded paraffin and 
pituitary remnant consisted cyst-like structure with dense 
collagenous wall that contained compressed remnants anterior and posterior 
pituitary tissue. The centre was made necrotic material and partially organized 
blood. Surrounding this were clumps and acinar collections cells. These were 
more pleomorphic than the cells the original operation specimen. mitotic 
figures were seen. 


the central nervous system, the frankly necrotic areas, the structure the 
cortex and the white matter was almost identical and was difficult tell where the 
boundary between the two structures was, however the necrosis the white matter 
was more extensive and extended further laterally than the cortical necrosis. The 
appearance was that complete necrosis, without significant shrinkage cystic 
cavitation, resembling coagulative necrosis but with some additional features. The 
necrotic contained some ghost-like remnants neurones mainly around blood 
vessels. the most superficial portions the cortex were some large fibrous 
astrocytes. There were many blood vessels large size which were filled with 


blood. Red blood corpuscles were often present around the Other vessels 
somewhat smaller size had grossly and irregularly thickened walls (fig. 3). The 
endothelium some was also greatly swollen and many cases the lumen was 
narrowed obstructed. Both these types vessel had hyaline, largely acellular 
walls. elastic tissue could stained them but some vessel walls contained 
abundant reticulin which occasionally radiated out into the surrounding necrotic 
tissue. Most the vessel walls stained dark blue with phosphotungstic acid 
hematoxylin (P.T.A.H.), like fibrin. Surrounding many these vessels were 
numerous fibrillar structures which stained dark blue with P.T.A.H. (fig. 4), and red 
with Lendrum’s modification the Picro-Mallory stain (1949), suggesting that they 
were fibrin and not astrocytic fibres. This stain indicated that there were astro- 
cytic fibres the necrotic areas, except those already mentioned surviving under 
the pia mater. most areas the necrotic cortex, there were large collections 
fibrin lying independently the vessels and arranged dense bands, clumps and 
fine strands. Sudanophilic material was present the frankly necrotic regions 
fine peppering granules and only towards the edge the necrotic area was there 
band phagocytes containing sudanophilic lipid. The walls many the 
vessels the areas necrosis were strongly sudanophilic. The lumen 
occasional vessel was obliterated phagocytes containing sudanophilic material. 
Phagocytes containing hemosiderin were present around the vessels the necrotic 
regions. the adjacent cortex which was not totally necrotic, but overlay necrotic 
white matter, the architecture the more superficial layers was still easily discernible. 
the molecular layer, there was increase large fibrous astrocytes and numerous 
thick, astrocytic fibres passed the pial surface. Some these astrocytes appeared 
undergoing degenerative change. others, the nuclei were surrounded 
granules brown pigment which stained positively with periodic acid Schiff, but 
not with Prussian the second and third layers the cortex there were few 
glial fibres and there was increase astrocytic nuclei. There was great loss 
the pyramidal cells the third layer. Their place appeared taken small 
round elongated aggregations brownish-yellow granular material. These 
bodies stained identically fibrin (fig. 5). The fifth and sixth layers were replaced 
phagocytes containing sudanophilic material and there were numerous small 
vessels with swollen endothelium. Near-by cortex overlying non-necrotic white 
matter showed similar changes the first fourth layers, but the fifth and sixth layers 
merely showed many shrunken neurones with pyknotic, hyperchromatic nuclei. 
The cortex which was far removed from the areas necrosis, revealed sub-pial 
fibrous gliosis, and occasional shrunken, hyperchromatic neurones the fifth and 
sixth layers. The necrotic white matter, the appearance which was identical 
that the necrotic cortex except for the absence degenerate remnants neurones 
and the presence few surviving glial nuclei, was separated from the underlying 
degenerate but non-necrotic white matter zone containing phagocytes full 
sudanophilic material together with mass small blood vessels. Deep this the 
white matter contained numerous swollen astrocytes, the myelin sheaths were degen- 
erate, swollen and varicose. The axons were beaded, swollen and fragmented, the 
blood vessels had swollen endothelium and occasionally had thick walls containing 
fibrin with red blood corpuscles and fibrin the surrounding tissue and were cuffed 
with round cells and phagocytes containing sudanophilic material. There was often 
ring demyelination around the vessels. 


The /eptomeninges overlying the necrotic and degenerate cerebral tissue revealed 
increase collagen and moderate infiltration, principally around the blood vessels, 
with lymphocytes, plasma cells and phagocytes containing sudanophilic material and 
pigment. The pigment within the majority these phagocytes did not stain with 
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Prussian blue periodic acid Schiff. Many vessels had thickened, collagenous 
walls. Some the smaller vessels were narrowed occluded endothelial swelling 
and proliferation. Many large and small arteries, including those perforating into 
the brain, had their intima thickened phagocytes containing sudanophilic 
Some smaller arteries were occluded these phagocytes actually within the lumen. 
branch one the anterior cerebral arteries was occluded organizing tissue 
within its lumen. 


The ependyma overlying necrotic and degenerate cerebral tissue revealed changes 
varying from complete disappearance (in the necrotic portions the walls the 
third ventricle) subependymal, fibrous gliosis (in the walls the frontal and 
temporal horns). 


Distribution necrosis and section through the anterior end 
the corpus striatum both sides and including the inferior and medial portions the 
frontal lobes (see Diagram There was necrosis the cortex the infero-medial 


DEGENERATIVE CHANGES 


angles both frontal lobes. This extended for short distance the medial 
surface and also laterally along the inferior surface both frontal lobes. The 
cortex the medial and inferior surfaces the frontal lobes adjacent this necrotic 
area showed degenerative changes. There was band necrotic white matter 
beneath the necrotic cortex and also extending outwards beneath the less damaged 
cortex either side. effect, the necrosis white matter was more extensive 
than the necrosis this necrotic white matter there were degenerative 
changes the white matter. 


section further forwards through both frontal lobes the level the anterior 
end the rostrum the corpus callosum (see Diagram 2), there was area necrosis 
the cortex and the underlying white matter the medial portion the inferior 
aspect the right frontal lobe. the same position the left there was degenera- 
tion the cortex and underlying white matter. The degenerative changes the 
underlying white matter extended the tips the frontal horns the lateral 
ventricles. 


Ina section through the mammillary bodies and the thalamus, lenticular nucleus and the 


od 


Lod 


NECROS/S 
DEGENERATIVE CHANGES 


DIAGRAM (Cortex DOTTED) 


DEGENERATIVE CHANGES 


uncal region the temporal lobe both sides (see Diagram 3), there was large 
area necrosis which was symmetrical the two sides. There was almost 
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complete obliteration all anatomical features this area but there was remarkable 
survival some fibres the mammillothalamic tract and the fornix. This necrosis 
occupied the inferior third the thalamus, the inferior portion the lateral wall 
the third ventricle, including the lateral hypothalamic nuclei, and the massa intermedia. 
merged into relatively normal thalamus above and stopped short abruptly the 
internal capsule laterally. The bodies revealed severe degenerative 
changes but not the necrosis that was present above them. the uncus each 
side there was necrosis the white matter but not the overlying cortex. the 
lentiform nuclei there was breakdown and cavitation the outer lamina the 
globus pallidus. This had the appearance ischemic softening rather than 
fibrinous, X-ray necrosis. 

section further back, just posterior the mammillary bodies, there was still 
necrosis the inferior portion the thalamus and the inferior portion the 
lateral wall the third ventricle. There was tongue-like process softening 
extending from the area necrosis into the medial nucleus the thalamus. 
This, like the changes the globus pallidus, also had the appearance simple 
ischemic necrosis. These were the only regions showing the changes simple 
ischemic necrosis. 

section further back through the red nucleus and substantia nigra, there were 
areas necrosis. There were degenerative changes the neurones and nerve fibres 
the lateral hypothalamic nuclei the walls the third ventricle. There was 
remarkably little change the internal capsule each side, especially immediately 
lateral the necrotic material the walls the third ventricle. significant 
changes were seen the brain-stem and cerebellum. the visual pathways, section 
through the optic chiasm revealed fibrinous, X-ray necrosis the central and superior 
portions (fig. 6). crescent surviving but degenerate nerve fibres was present 
the lateral and inferior aspects both sides the chiasm. These are fibres arising 
the inferior and temporal portions the retina each side. Only the juxta- 
chiasmal portions the optic nerves were available for study. There was necrosis 
within this part either nerve, but there were gross degenerative.changes the few 
remaining myelin sheaths and axons. Many small vessels were narrowed endo- 
thelial hyperplasia (fig. 7). There was thickening the arachnoid overlying the 
optic chiasm collagenous fibrous tissue and between the dense fibrous bands were 
number tumour cells the same morphology those the pituitary remnant. 
The lumen many small meningeal vessels was narrowed endothelial swelling. 
The necrosis extended for only very short distance into the juxta-chiasmal part 
each optic tract. The greater portion the cross-section each tract this level 
was not necrotic, but revealed great loss nerve fibres and severe degenerative 
changes those remaining. There was endothelial hyperplasia some the small 
vessels this portion each tract. the rest the tracts, behind this level, there 
was evidence necrosis, but there was generalized loss nerve fibres with 
relative survival the laterally placed fibres, which are those arising the inferior 
halves the retina each eye. There was increase glial nuclei and astrocytic 
fibres both tracts. Also there were compound granular corpuscles around some 
blood vessels and between the myelin sheaths. Only occasional vessel revealed 
swelling There was generalized loss neurones all six layers 
both lateral geniculate bodies. abnormalities were seen farther back the 
visual system. These changes the visual pathways were compatible with gross 
damage nerve fibres the region the optic chiasm with secondary degeneration 
passing back into the lateral geniculate bodies. The changes the optic chiasm and 
the first few millimetres the optic tracts, were those X-ray necrosis and way 
resembled those seen compression the optic chiasm, nerves tracts, nor was 
there any evidence compression distortion. 


Case 

History.—The second case was man aged who three years prior his 
admission the National Hospital, Queen Square, had presented elsewhere with 
severe vertical headache, general tiredness and loss libido. His vision and 
optic fundi were then perfectly normal. Skull X-rays that time had revealed 
enlarged pituitary fossa typical intrasellar tumour. course X-ray therapy 
was commenced and continued for six weeks. tumour dose (skin dose 
3,300 was administered through portals radiating 130 degrees each side the 
sagittal plane. The physical factors were: 200kV, G.V.L. Skin 
changes were said minimal. received surgery. Following this there 
was relief his headache and improvement libido. One month prior 
admission, nineteen months after the completion his X-ray therapy first noticed 
mistiness his vision. Examination three weeks later showed his visual acuity 
normal, corrected 6/5 and J.1 each eye. The depression the visual fields 
shown Diagram There was slight but definite pallor the optic discs. 


Diagram 


week later, was admitted the National Hospital, Queen Square, under the 
care Mr. Harvey Jackson. When was examined admission, his visual 
acuity was 6/18 the right and 6/60 the left. Bjerrum screen and perimetric 
examination revealed bitemporal inferior quadrantic defect the visual fields. 
There was also marked generalized constriction the fields vision both eyes. 
the left eye vertical cleft was preserved, and the right eye the greatest preserva- 
tion was the superior temporal quadrant. Two days after admission, was 
reluctantly decided explore him surgically. tumour was seen but 6c.c. 
cyst fluid were aspirated through needle inserted into the region the pituitary 
gland. Post-operatively had sight and was confused. the sixth post- 
operative day Mr. Keith Lyle noted that the right pupil was inactive light and the 
left only slightly reactive. The patient became more confused 
lethargic Ventriculography performed eleven 
admission, revealed evidence intracranial space occupying lesion. Without 
developing other focal neurological signs died four months after admission and 
twenty-four months after the completion his course X-ray therapy. His 
illness lasted just over five months. 
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Necropsy (Professor William Blackwood) 

General autopsy.—The liver was grossly involved fatty degeneration. the 
testicle examined, there appeared complete absence interstitial cells. 
the tubules did not appear obviously atrophic. Both suprarenal glands appeared 
smaller than normal but their weights were within normal limits. Left 5-5 grammes, 
and right grammes. The cortex was narrower than normal. This atrophy 
appeared involve all layers the cortex, especially the zona fasciculata. The 
cells constituting the various cortical layers were small. The thyroid was slightly 
smaller than usual. consisted large acini, lined flattened, inactive looking 
epithelium and full pale colloid. 


Cranium and contents.—The pituitary fossa was about twice the normal size, and 
was occupied thick-walled fibrous sac containing brownish fluid. The floor 
the third ventricle was thick, part whitish, part brownish, part yellowish and 
granular appearance. This combination necrosis and old hemorrhage affected 
the inferior half the walls the third ventricle the hypothalamic region. also 
affected the adjacent portion the optic tracts and the medial third each temporal 
lobe immediately lateral the hypothalamus. Yellowish discoloration affected the 
left side the cranial end the basi-pontis. 


Histological Findings (Sections were cut from material embedded paraffin and 
celloidin).—The pituitary remnant consisted multiloculated fibrous walled cyst. 
There were plasma cells, lymphocytes and phagocytes containing brown pigment 
the walls the loculi. The loculi contained eosinophilic coagulum. One portion 
the cyst wall had what appeared the compressed remnants anterior and 
posterior pituitary tissue it. Semi-serial sections through the remnant revealed 
the same components, and tumour was apparent. The histological appearances 
the central nervous system were essentially the same those described Case 
Any differences additional changes are mentioned below. 


Distribution necrosis and degeneration.—In section through the anterior end 
the corpus striatum both sides and including the inferior and medial portions 
the frontal lobes beneath the corpus striatum, frank necrosis was seen. There 
were degenerative changes the cortex the medial surface both lobes and the 
underlying white matter. These changes were less severe inferiorly and more severe 
just under the anterior horns the lateral ventricles. Further back section 
through the level the optic chiasm, anterior commissure and the amygdaloid nucleus 
and adjacent portion the temporal lobe each side (see Diagram 5), there was 
severe necrosis the optic chiasm (this will described later) and the pre-optic 
portion the third ventricular walls. This extended both walls the third 
ventricle the level the anterior commissure. was present far 
the medial limit the anterior perforated substance. The cortex and underlying 
white matter the uncus each side were necrotic. This extended upwards and 
medially include the amygdaloid nucleus and lateral part the anterior perforated 
substance. Case there were degenerative changes the white matter the 
uncus deep the necrosis. 


section through the mammillary bodies and the thalamus, lenticular nucleus and 
the uncal region the temporal lobe both sides (see Diagram 6), there was area 
necrosis which, the first case, was bilaterally symmetrical. consisted the 
lower half third the lateral walls the third ventricle, including the lateral 
hypothalamic nuclei and the lower portion the thalamus. ceased just 
short the internal capsule. Superiorly there was fairly abrupt transition 
relatively normal thalamus. this level, the uncus each side was necrotic and 
herniated through the tentorial opening. There was wedge-shaped area necrosis, 
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DIAGRAM DOTTED) 


with its apex the medial angle the temporal horn and its base the cortical 
surface the herniated uncus. the left there was extension this necrosis 
upwards include the posterior end the amygdaloid nucleus. Adjacent these 
areas necrosis, there were degenerative changes the white matter the medial 
portion the temporal lobes. There were severe degenerative changes the 
bodies, but Case there was not complete necrosis was present 
the hypothalamus above them. Many the degenerate vessels the regions 
the thalamic and hypothalamic necrosis, were cuffed with abundant eosinophil 
leucocytes, which also lay the surrounding tissue large numbers (fig. 8). The 
internal capsule each side appeared normal throughout. the centre the 
hypothalamic necrosis, few degenerate myelinated fibres the mammillothalamic 
tracts and the fornices survived. medium sized artery the leptomeninges medial 
the uncus the right, was completely occluded cellular organising, fibrous 
tissue. Otherwise the artery appeared normal. 

section through the cranial pons (see Diagram 7), there was wedge-shaped 
area necrosis occupying one-third the left basi-pontis. had fairly sharp 
margin with band severe degeneration beyond it. the right side the basi- 
pontis and the non-necrotic portions the left, there were numerous groups 
swollen myelin sheaths and areas break down myelin together with degenerate 
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DEGENERATIVE CHANGES 


DIAGRAM 


neurones. These degenerative changes the and neurones the basi- 
pontis were also present lower down, the level the middle cerebellar peduncles. 
There was necrosis this level. the visual pathways, the retina each eye 
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revealed gross loss ganglion cells and the majority those remaining were 
degenerate. There was slight but definite increase the number astrocytic and 
fibrocytic nuclei both the nerve fibre and ganglion cell layers. There was severe 
loss axons the nerve fibre layer. The other layers the retina appeared normal. 
These changes appeared equal the nasal and temporal sides each retina, 
but all the changes were more severe the retina the left eye. The optic disc 
nerve head each side was atrophic. There was decrease the number axons 
passing through it. These changes appeared equal both discs. cross 
section the orbital portions the optic nerves, both optic nerves were smaller than 
normal and the left was smaller than the right. The nerve fibre bundles were narrower 
than normal and contained increased number astrocytes. There was slight 
increase collagen the fibrous septa between the nerve fibre bundles. There was 
generalized severe degeneration myelin sheaths throughout the cross section 
both nerves. the right optic nerve, the changes were relatively less severe. There 
was loss axons both nerves, and large number those remaining were 
degenerate. There was evidence necrosis either side the visual pathway 
within the orbit, nor were there any changes the blood vessels. There was necrosis 
the optic chiasm and the first 0-5 cm. the tracts. very few degenerate 
nerve fibres survived the lateral and inferior portions the chiasm and the tracts. 
the intracranial portions the optic nerves, there was great loss nerve fibres 
throughout, but especially the superior and central portions the right nerve and 
the peripheral and nasal fibres the left nerve. There was increase fibrous 
astrocytes both nerves. The small vessels within the nerves revealed narrowing 
their lumen endothelial hyperplasia. The leptomeninges overlying the optic 
nerves revealed collagenous thickening and some narrowing the vessels endo- 
thelial hyperplasia and organising fibrous tissue (fig. 9). the non-necrotic portions 
the optic tracts, there was severe loss nerve fibres and great increase 
fibrous astrocytes. Numerous small vessels the tracts had their lumen narrowed 
swelling their endothelium. There was loss neurones all six 
both lateral geniculate bodies. abnormalities were seen further back the 
visual pathway. Case the changes the optic chiasm and tracts were those 
X-ray necrosis and bore resemblance those seen compression distortion 
Nor was there any evidence compression distortion the optic 
chiasm and tracts. The histological changes the visual pathway were compatible 
with severe damage axons and myelin the region the chiasm with retrograde 
degeneration passing anteriorly into the retine and secondary degeneration passing 
posteriorly into the lateral geniculate bodies. 


DISCUSSION 

The pathological findings the brain man, cases delayed 
radiation necrosis, have been described detail Scholz and Hsii (1938) 
and Pennybacker and Russell (1948) and similar lesions animals 
Russell (1949) and Arnold have discussed the 
significance these findings and their possible pathogenesis. The 
histological findings the cases which are the subject this paper, 
were essentially similar those described Scholz and Hsii (1938) and 
Pennybacker and Russell (1948). 

the first case, remnants the pituitary adenoma were found 
post-mortem examination the pituitary fossa. Also tumour cells were 
present the leptomeninges around the optic chiasm. the second 
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case, pituitary adenoma was found post-mortem examination, 
but only fibrous-walled cyst with remnants anterior and posterior 
pituitary tissue, which case any adenoma that may once have been 
present, must have been completely destroyed irradiation, for semi- 
serial sectioning the pituitary remnant did not reveal any evidence 
adenoma. Alternatively the original lesion may have been intra- 
sellar cyst the type that are lined flattened, cubical ciliated 
epithelium and are believed originate from the remnants Rathke’s 
pouch (Russell and Rubinstein, lesions were found 
the para-pituitary region the brains. These were bilaterally similar 
extent and degree and consisted essentially inferomedial zone 
necrosis bordered zone degenerative change white and grey 
matter. The white matter was more extensively damaged than the 
cortex, with the exception the internal capsule, the mammillothalamic 
tract and the fornix each side. the cortex, the periphery the 
damaged region, only the superficial layers were involved, whereas 
nearer the centre where all the layers the cortex were involved, the 
superficial layers were less severely damaged. was noteworthy that 
whilst there was complete necrosis the lateral hypothalamic nuclei 
and whilst Case the supra-optic nuclei were also necrotic, yet the 
bodies both cases were not necrotic. They revealed 
only severe degenerative changes. This surprising view the fact 
that they lay central completely necrotic surrounding structures. Thus 
its response irradiation the brain exhibits the same property 
selective vulnerability shows many other disease processes, 
(Arnold al., explanation for this has been found the 
material examined. 

was not possible from our material decide whether the necrosis 
was secondary the vascular changes, whether the vascular changes 
were secondary the necrosis whether neither was consequent upon 
the other. The appearance most the necrotic regions, particularly 
the presence large amounts fibrin, was not typical simple 
ischemic necrosis. This not sufficient prove that the vascular changes 
were secondary the necrosis. Russell al. (1949) have discussed this 
problem length and were unable find definite solution. Pennybacker 
and Russell (1948) concluded that the prominent vascular changes were 
factor the causation the necrosis, but O’Connell and Brunschwig 
(1937), Davidoff (1938) and Arnold (1954) place more emphasis 
necrosis being due primary effect irradiation the cerebral 
parenchyma. Neither these theories pathogenesis entirely 
satisfactory. The histological appearance the great majority the 
lesions these cases not like that seen any form necrosis known 
due vascular occlusion. The large quantity fibrin the most 
obvious difference. has been suggested that this due increased 
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permeability the small vessels resulting from irradiation, but appears 
unlikely that such direct effect the vessels should only make itself 
evident and produce symptoms months, even years, after irradiation 
has ceased. Nor, the necrosis results from direct damage the 
cerebral parenchyma, does appear feasible that evidence damage 
the neurones should delayed for year after the cessation irradiation. 
Any satisfactory explanation the pathogenesis must account for this 
delay the onset symptoms. Certain features the histology are 
worthy note. Firstly,. the profuse fibrinous exudate, secondly the 
presence fibrin fibrinoid change the vessel walls and thirdly the 
presence numbers eosinophil leucocytes some regions 
necrosis Case perivascular, eosinophil leucocytes have 
since been observed unpublished case delayed X-ray necrosis 
following irradiation oligodendroglioma.) Some all these 
appearances are seen many conditions, throughout the body, which 
the pathogenesis thought allergic due some hypersensitivity. 
Acute hemorrhagic leucoencephalitis one example such condition 
the brain. For similar pathogenesis apply delayed radiation 
necrosis the brain, there must some antigen allergen initiate 
the allergic reaction. This allergen may consist the altered proteins 
the cells themselves, for there evidence that irradiation may alter 
the chemical composition many substances within cells. Wall and 
Magat 1953, noticed break-up high polymer molecules dissolved 
solvents such carbon tetrachloride, when they were irradiated the 
presence oxygen. Changes have also been recorded within living cells. 
Schjeide and others 1956, stated that large number physical and 
chemical changes may occur the nucleoplasm and cytoplasm result 
irradiation. Tydell and Kensten 1941 and LeMay 1951, demon- 
strated vitro studies that some sulphydryi-containing enzymes are 
inactivated fairly low doses radiation. Gray 1953, stated that 
X-radiation initiated progressive change the physical properties 
desoxiribose nucleic acid. also well known that radiation may pro- 
duce alteration the genes the cell chromosomes. Thus there 
evidence alteration the proteins cells following irradiation and 
suggested that delayed radiation necrosis the brain may 
allergic reaction these altered proteins. The purpose irradiation 
pituitary adenomata subject the pituitary dose radiation which 
will damage the adenoma but not the adjacent therefore 
essential know the limit tolerance irradiation the hypothalamus, 
which both very close anatomically and also essential for life. has 
been known for some time that the hypothalamus vulnerable high 
dosage X-radiation (Arnold al. (1954) described 
extensive destruction hypothalamic tissue monkeys after irradiation 
the brain with 7,000 mev. gamma irradiation from betatron, 


XUM 


XUM 


BRAIN RADIONECROSIS FOLLOWING X-RADIATIONS 


which biologically equivalent 4,200 250 irradiation. They 
also mentioned the extensive destruction nuclei the hypothalamus 
man after irradiation midline tumours with less than 6,000 
tumour dose. has also been shown animals and man that the 
hypothalamus can show damage following lower dosage X-rays. 
Arnold al. (1954) described damage the supra-optic and lateral 
hypothalamic nuclei monkeys after irradiation the brain with 
1,500 mev. irradiation equivalent 900 250 irradiation. 
Scholz and Hsii (1938) described necrosis the basal ganglia and hypo- 
thalamus man after irradiation the whole brain 3,200 180 kV., 
three days through portals. the cases described this paper the 
dosage was above this but was administered confined the 
pituitary far possible. Even though the hypothalamus does not 
receive the tumour dose that directed the pituitary, unavoidably 
receives, Sloper stated 1957, much larger dose radiation than 
the rest the brain even when irradiation fractionated and administered 
through multiple portals. Jackson Richmond (1958) prescribed 3,750 
maximum four weeks and stressed the need for confining the 
zone maximum irradiation the pituitary and the great importance 
accurate beam direction because the close anatomical relationship 
the hypothalamus the pituitary. 

The cases described here both show the characteristic latent period 
between the cessation X-ray therapy and the onset terminal symp- 
toms. The latent period was shorter the case receiving the lower 
dosage irradiation, which unusual and for which explanation 
can given. Observers working large series patients and 
experimental animals have concluded that the larger the dose irradia- 
tion, the earlier the symptoms delayed necrosis appear (Berg and 
Lindgren, 1957) Russell (1949), working rabbits, stated that the 
reduction the dose from 2,850 2,440 more than doubled the 
latent period. 

patient whose pituitary adenoma has been irradiated may subse- 
quently show recrudescence his previous symptoms. This may 
due recurrence the adenoma may due delayed radiation 
necrosis. Both these may cause similar symptoms visual impair- 
ment and hypothalamic dysfunction. the cases described above 
was not possible tell from the clinical history alone whether the slowly 
developing symptoms visual and hypothalamic disturbance were due 
recrudescence the tumour radiation necrosis. The defects 
the visual fields these cases were different from those usually seen 
recurrence pituitary adenoma. tumour recurrence there 
commonly reappearance the temporal field defects which were 
usually present before surgery and irradiation. these cases the field 
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defects, the time the recurrence symptoms months after irradia- 
tion, were Case predominant involvement the inferior halves 
the fields and Case irregular, peripheral constriction and indenta- 
tion with large sector shaped defects the lower halves the fields. 
This relative sparing the superior halves the fields was supported 
histologically the presence few surviving nerve fibres the inferior 
portions the necrotic optic chiasm and tracts. The sector shaped 
defects the lower half the field Case (see Diagram are similar 
those sometimes seen ischemia due occlusive vascular disease 
the arteries the optic nerves and chiasm. Also the predominant 
involvement the lower halves the fields, recorded both cases, 
similar what may occur vascular diseases the optic nerves such 
arteriosclerotic atrophy (Hughes, 1954). These observations are 
interest, but conclusions the pathogenesis the initial field 
defects should drawn from them, nor should assumed that they 
may reliable clinical feature X-ray necrosis only cases are 
described and the field defects elicited Case may not entirely 
reliable, for the patient was confused and non-co-operative. Histological 
examination showed that the site the lesions the visual pathways 
was the region the optic chiasm. both cases the optic chiasm was 
almost completely necrotic except for few inferior nerve fibres which 
were spared. This necrosis extended for short distance into the optic 
tracts both cases. addition the necrosis, there was great narrow- 
ing and occlusion the small vessels within the optic chiasm and nerves 
and their overlying leptomeninges both cases. not considered 
that the presence tumour cells the leptomeninges surrounding the 
optic chiasm Case significance. more cases delayed radio- 
necrosis following irradiation the pituitary are observed, will 
seen whether the visual fields changes are sufficiently uniform 
value the differential diagnosis radio-necrosis and tumour recurrence. 


SUMMARY 

The clinical and pathological findings cases delayed radio- 
necrosis the brain following the irradiation the contents the 
pituitary fossa are described. They consisted the recurrence visual 
symptoms and the recurrence onset hypothalamic symptoms; 
visual field defects unlike those usually seen the recurrence 
pituitary adenoma; necrosis the hypothalamus, the inferomedial 
portions the frontal lobes, the uncal gyri and the optic chiasm. The 
necrotic areas were characterized the presence widespread, dense 
exudate fibrin and degenerative and occlusive changes the vessels. 
region degenerative change grey and white matter containing 
narrowed and occluded vessels, lay adjacent the central necrotic regions. 
The possible pathogenesis delayed radiation necrosis allergic 
basis discussed. 
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Fic. 1.—Showing swollen granular, translucent optic nerve, herniated uncus and 
the mammillary body each side. 


Fic. 2.—Showing swelling and necrosis the hypothalamus, uncus and the 
amygdaloid nucleus each side. 


Fic. and eosin cortex. Showing vessels with 


thickened, hyaline walls and narrowed occluded 
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Fic. 4.—Phosphotungstic acid hema- 
toxylin Necrotic cortex. Show- 
ing group vessels, some with large 
lumen, most with walls staining like 
fibrin and most surrounded fibrin. 


‘ 
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Fic. 6.—Phosphotungstic acid 
toxylin Necrotic optic chiasm. 
Showing coagulative necrosis, permeated 
dense, darkly staining fibrin. Some 
the degenerate vessel walls stain like 
fibrin. 


Fic. 5.—Phosphotungstic acid 
toxylin 30). Degenerate cortex. Show- 
ing dense sub-pial, 
rounded bodies staining like fibrin, the 
third layer and the leptomeninges 
infiltrated with round cells. 


Fic. and van Gieson 
Degenerate optic nerve. Show- 
ing small vessel, the lumen which 
narrowed swollen, hyperplastic 
endothelium. 
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Fic. and eosin hypothalamus. The cells 
with the dark staining nuclei are eosinophil leucocytes which are widespread the 
necrotic tissue and surround small vessels. 


Fic. 9.—Phosphotungstic acid Degenerate optic nerve. 
Showing artery the leptomeninges. Its lumen greatly narrowed organizing 
material. 
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The reasons are discussed why therapeutic irradiation the pituitary 
region liable cause delayed necrosis the hypothalamus. The 
difficulty the differential diagnosis the symptoms delayed radio- 
necrosis and recurrence pituitary tumour mentioned. The changes 
the visual fields were unlike those usually seen tumour recurrence 
and were similar those sometimes seen vascular disease the optic 
nerves and chiasm. 
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STRESS-STRAIN PHENOMENA HUMAN PERIPHERAL 
NERVE 


Department Anatomy 
University Melbourne, Australia 


INTRODUCTION 


OBSERVATIONS the behaviour peripheral nerves subjected 
stretching date from the second half the nineteenth century when nerve 
stretching enjoyed temporary popularity therapeutic procedure for 
the relief neuralgia various types. Data the breaking point 
stretched nerves contained early writings give values ranging from 
165 kg. for the sciatic nerve and kg. for the median and 
ulnar nerves (Wertheim, 1847; Tillaux, 1866; Trombetta, 1880; 
Symington, 1882; Gillette, 1882; Marshall, 1883; and Takimoto, 1917). 
Pathological changes stretched nerves were briefly reported Harless 
and Haber (1859), Valentin (1864), Schleich (1871), Vogt (1877), 
Witkowski (1880), Quinquaud (1881), Scheving (1881), Wiet (1881), 
Marcus (1881), Marshall (1883), and Bowlby (1889). The histological 
picture varied from the funiculi, compression the nerve 
fibres within the tightened sheath and mild changes the connective 
tissue, rupture blood vessels, damage nerve fibres resulting 
Wallerian degeneration and secondary involvement nerve fibres 
constrictive fibrosis. 

Weir Mitchell (1872) described failure conduction the rabbit 
sciatic nerve the point where was equal in. in.,” 
while references the disturbances function consequent nerve 
stretching are scattered through the literature the period this 
subject (Harless and Haber, 1859; Valentin, 1864; Schleich, 1871, 
Tutschek, 1875; Conrad, 1876; Duvault, 1876; Brown-Séquard, 1881; 
Debove and Laborde, 1881; Laborde, 1881; Prévost, 1881; Quinquaud, 
1881; Tarchanoff, 1881; Wiet, 1881; Bernhardt, 1882; Marshall, 1883; 
Stintzing, 1883; Bowlby, 1889; Vincezo Neri, 1909). These clinical and 
experimental observations indicated that: 
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(1) The functional changes the field stretched nerve depend 
the magnitude the deforming force. Slight stretching increases 
reflex excitability while strong stretching depresses it. 

(2) Stretching mixed nerve sometimes results the loss all 
functions, sometimes impairment sensation alone but never motor 
disability the absence sensory defects. 

(3) Sensory precedes motor recovery. 

(4) Sensory and motor disturbances may extend beyond the field 
the affected nerve. 

The rationale nerve stretching therapeutic procedure was 
re-examined, clinically and experimentally, Takimoto 1917 who 
devoted particular attention the physiological and histological changes 
associated with the procedure. Obvious histological changes occurred 
the rabbit sciatic nerve only when the deforming load exceeded 400 
grammes. These took the form hyperemia, hemorrhages the 
epineurium and perineurium, rupture connective tissue fibres, and loss 
continuity with degeneration some axons which was later followed 
regeneration. These changes were correlated with motor and sensory 
disturbances and the pattern recovery. The elongation produced 
the load was not given. Similar studies were carried out the median 
and ulnar nerves patient prior amputation but the magnitude 
the deforming force was not measured. Ten autopsy specimens 
(Japanese) the sciatic nerve were stretched failure. This required 
average load kg. with upper and lower values and 
28-2 kg. respectively. These values were lower than those published 
for the sciatic nerves Europeans. 

this time battle casualties had introduced the problem 
closing extensive gaps injured nerves. The closure such gaps 
suture under tension often involved considerable nerve stretching. 
This occurred both during the operation and post-operatively with the 
restoration full range movement limb which had been postured 
facilitate the union the nerve ends. Baron and Scheiber (1918) 
demonstrated post-operative stretching sutured nerves patients 
the use silver clips and X-rays. For autopsy specimens the median 
and ulnar nerves they reported elongations and per cent with 
loads and kg. respectively and corresponding values for the 
sciatic nerve and per cent and 10, and kg.; greater loads 
than these resulted structural failure. 

Closure quite large gaps was effected this way but the dangers 
stretching did not pass unrecognized. attempt minimize them 
the affected limb was extended slowly the basis that the rate post- 
operative stretch was important factor contributing damage. The 
time recommended for achieving elongation the nerve this way 
varied from weeks months. Subsequently others (Sanders, 1942; 
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Highet and Sanders, 1943) claimed that the significant factor post- 
operative stretching the amount tension rather than the time taken 
effect it. 

The point, however, which attempts effect end-to-end union 
should abandoned favour grafting must depend the extent 
which nerve can stretched without prejudicing the processes 
regeneration and recovery and this question essential information was 
still lacking. 

Between the two World Wars Renyi (1929) claimed, from micro- 
dissection studies isolated frog nerves, that the elasticity the whole 
nerve fibre depends solely the elastic nature the axon itself. 
Stretching the axon beyond per cent resulted its destruction which 
measure the extent this elasticity. 

Interest the clinical aspects this subject was reawakened when the 
Second World War increased the incidence severe nerve injuries and 
introduced many new problems connexion with their diagnosis and 
treatment. and Holmes (1943) directed attention the severity 
and extensive longitudinal distribution the damage both traction 
injuries the lateral popliteal nerve and the result stretching intro- 
duced the closure large gaps this nerve end-to-end suture. 
This gross involvement was confirmed valuable experimental study 
the dog Highet and Sanders (1943). They recorded elongations 
the sutured lateral popliteal nerve seven specimens zero per 
cent, zero per cent and zero per cent for the sections the 
nerve above, at, and below the suture line respectively. Their detailed 
histological observations showed that elongation per cent the total 
mobilized length the nerve above the suture line could tolerated 
without damage the central stump whereas elongation per cent 
more caused severe and extensive damage. 

Denny-Brown and Doherty (1945) investigated the effects transient 
stretching peripheral nerves the cat with the object equating the 
distribution and nature the pathological changes, the nature the 
associated functional disability and the subsequent pattern recovery. 
Tension was not measured, stretching being effected simply pulling 
“for some seconds exerted the firm grasp the gloved fingers 
the They report that stretch applied with the 
gloved finger the peroneal nerve felt extend moderately easily, 
the manner plastic material that with little force its length can 
doubled. release remains near the new length and lies redundant 
The perineurium remained intact this elongation. This 
observation suggests that peripheral nerves behave plastic material 
when stretched. They also reported that segments the nerve could 
extended 100 per cent damage” without any sign 
hemorrhage and with only slight weakness twenty-four hours 
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Full motor recovery occurred within fourteen days. Elongations beyond 
100 per cent were associated with more definite pathology proceeding 
the more severe injuries rupture the perineurium. some cases, 
however, even these advanced pathological changes were not incom- 
patible with good recovery. 

Liu, Benda and Lewey’s (1948) investigation was designed 
the tensile strength human nerves with modern methods, determine 
their stress-strain curves and examine the degree the histologic damage 
appearing the critical points the curves.” Their account, however, 
contains many inconsistencies that difficult evaluate the data 
presented. Thus peroneal nerve No. given cross-sectional area 
0:2 sq. cm. Table and sq. cm. Table Table two 
specimens the sciatic nerve are listed with cross-sectional area 
only 0-07 sq. cm. This seems too low value that makes these 
sciatic nerves thinner than, the same size as, the specimens the 
tibial, peroneal and ulnar nerves. The final percentage elongations for 
the same specimens not agree every case Tables and 


TABLE I.—MEDIAN NERVE 
Maximum stress 


elongation Load kg. kg/sq. mm. 
limit load limit mum area area 


SUNDERLAND AND BRADLEY 


TABLE NERVE 


Maximum stress 
elongation Load kg. kg/sq. mm. 
limit load limit mum area area 


also stated that perineurium proved the most resistant structure 
and withstood overstretching all our experiments; this means that 
experiment was pushed the point complete rupture the peri- 
the other hand, such statements nerve fibres and 
bundles were torn apart,” “Individual fasciculi ruptured different 
points” and the three main fasciculi composing the nerve were 
completely appear throughout the text. Their references 
critical elongation are also somewhat confusing. Thus “the limit 
elasticity and the transition plasticity the nerve elements are located 
the uncharted zone between and per the other hand, 
the point where the stress-strain curves discontinuous was 
located mean elongation 4:2 per cent” which strengthens 
assumption that the breaking point the stress-strain curves actually 
indicates the danger point beyond which greater number nerve fibres 
snap.” After describing that “in nerve extended 4-5 per cent its 
length two-thirds all the nerve fibres had ruptured” they conclude that 
human peripheral nerve must stretched more than per cent 
its mobilised length.” 
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recent study that Hoen and Brackett (1956) who investigated 
peripheral nerve lengthening experimentally. They claim that “it was 
possible achieve increases length 9-5 cm. the dog’s 
sciatic which normally measures less than cm. after emergence from 
the pelvis. Six animals showed anatomically useful increases 
cm. which there were changes from normal structure.” 

The extensibility nerve trunks and isolated myelinated nerve fibres 
has been investigated the frog Schneider (1952) the course 
which the protective the connective tissue against overstretching 
was analysed. Maximum increases length per cent were 
reported for the larger nerve trunks while greater extensions were 
reported the case thinner nerves e.g. muscle branches per cent 
and rami cutanei dorsi mediales 100 per cent. The isolated nerve fibre 
did not react uniformly along its length when stretched, the nodal region 
remaining unchanged whereas the internodal section became longer and 
thinner and finally ruptured. The internodal section could stretched 
per cent its original length without impairment conduction, 
fibres continuing conduct almost the point rupture. some 
worms nerves may stretched more than twice their original length 
without any significant alteration their conduction properties (Bullock, 
1945; Adey, 1951; Turner, 1951). These interesting and valuable 
observations, however, are outside the scope the present investigation. 

The nature and distribution the histological changes produced 
mammalian peripheral nerves stretching and the changing pattern 
with increasing deformation are well documented. There agree- 
ment opinion, however, the point which these changes appear. 
Denny-Brown and Doherty report 100 per cent and Hoen and Brackett 
per cent elongation without damage while Weir Mitchell reported 
continuing conduction until the nerve was stretched per cent its 
original length. Others, the contrary, describe severe damage after 
elongations (Highet and Sanders) and (Liu al.) per cent. Again, 
little known about the behaviour nerve trunks progressively 
increasing loads operating over given period time and only conflicting 
information available stress-strain phenomena stretched nerves. 

The present investigation was designed provide more precise 
information this subject following the behaviour human peripheral 
nerves subjected progressively increasing loads continuing the point 
mechanical failure. Quite clearly conduction fails much lower 
ranges but this particular study was not concerned with this important 
aspect the problem nor was concerned, based was autopsy 
material, with the pathological changes induced mechanical deforma- 
tion. 

The mechanical properties material are usually determined 
laboratory tests and values from stress, strain and elasticity are found 
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testing specimen certain form certain manner. The external 
forces which act the material are called loads. The internal forces 
per unit area set the material are called stresses. The accompanying 
changes the dimensions the material are called deformations 
strain being expressed the ratio the change particular 
dimension the original dimension. Elasticity that property 
material which enables return its original form and shape when 
the external load removed. law refers the straight line 
relationship between stress and corresponding strain within certain 
range. The limit this range called the elastic limit. 

The applied load, whatever its character, may produce tensile stress, 
compressive stress, shear stress. all the tests reported this paper 
tensile loading has been applied. The stress-strain relationship, how- 
ever, will influenced the rate application the load. short- 
time static loading the load applied gradually that all parts the 
material are equilibrium any instant. The load increased pro- 
gressively until failure occurs and the total time not more than few 
minutes. long-time static loading, the load applied gradually and 
maintained. The creep flow characteristics material are obtained 
this way. The test material may subjected repeated loading. 
impact (suddenly applied) loading the load applied moving body 
and for relatively short period. The strain, and consequently the stress, 
produced suddenly applied load approximately twice that 
produced when the same load gradually applied. 

The observations the tensile loading human nerves related, 
this particular study, short-time static loading and were directed 
the following: 

(1) Maximum loads. 

(2) Maximum tensile stress calculated the total cross-sectional area 
the nerves and expressed kilogrammes per square millimetre. 

(3) Maximum tensile stress calculated the total funicular cross- 
sectional area the nerves and expressed kilogrammes per square 
millimetre. 

(4) The elongation the elastic limit and failure. 

(5) Stress-strain relationships. 

(6) Behaviour the specimen tensile load was applied and the 
method failure. 


MATERIAL AND METHODS 
the median (24), ulnar (24), medial popliteal (13) and 
lateral popliteal (15) nerves were obtained from the autopsy room within twelve 
hours death and tested immediately. All specimens were from adult individuals 
with age range 50. 
Terminology.—The terminology employed this investigation will outlined 
briefly order avoid confusion when referring the connective tissue arrange- 
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ment the nerve trunk. The neurilemma, inner sheath, delicate 
membrane composed network fine fibres which applied the surface 
the Schwann cell sheath individual nerve fibres. External this the endoneurium 
outer endoneurial sheath. This thin, but denser and thicker than the 
neurilemma, and composed elastic and collagenous fibres which the majority 
are arranged longitudinally. The nerve fibres are bound into bundles funiculi 
the perineurium. This relatively thin but distinctive lamellated sheath 
connective tissue composed tightly packed collagenous and elastic fibres which 
are arranged about the funiculus circularly, obliquely and longitudinally. The 
collagenous fibres have mostly transverse disposition while the elastic fibres are 
concentrated nearer the surface. The epineurium the somewhat openly arranged 
areolar tissue the nerve trunk which envelops and separates the funiculi. This 
connective tissue bedding contains high content elastic tissue and the component 
fibres are mostly longitudinal. 


Instrumentation.—In our earlier experiments the nerves were stretched tensil- 
graphs that were not automatically recording and which provided only limited data. 
Furthermore, this time the significance the cross-sectional area the nerve 
trunk devoted nerve funiculi (see was not appreciated. This explains why 
the results some tests listed the Tables are deficient certain information. 
Scott Tensilgraph, Model X-3, manufactured Scott Testers Inc., Providence, 
Rhode Island, U.S.A. was subsequently used (fig. 1). This machine driven electric- 
ally, has variable speed gearing and maximum pull applies steady 
tensile load and records graphically curve with elongation inches ordinate and 
load pounds abscissa (fig The recordings were converted millimetres and 
kilogrammes. 

The rate application the load was in. per minute. The machine 
was fitted with corrugated clamps specially designed enable the load applied 
the nerve without slipping the specimen and without damaging the nerve the 
grips. Despite these precautions, slipping failure the clamps did occur some 
specimens and these tests were discarded. 

The test length the specimen was found measuring, millimetres, the distance 
between the clamps just before the specimen commenced take load. addition, 
two diameters right angles the nerve were measured millimetres with sliding 
caliper. The test lengths varied from 167 mm. 

The nerve was clamped the machine, the load applied and the test continued 
until the maximum load was reached. The resulting graph gave the relationship 
the elongation the applied load the maximum several tests the run 
was terminated, reversed and repeated before reaching the point failure. 


Histological examination.—Blocks were taken from the two ends before each 
specimen was clamped the jaws. These segments were fixed per cent formalin 
and embedded paraffin. Transverse sections, microns thickness, were cut 
from each block and stained with hematoxylin and eosin. The sections were 
enlarged microprojector constant magnification and drawn. The cross- 
sectional area the entire nerve trunk and the total cross-sectional area the 
funiculi were then measured the charts with planimeter. These data were used 
obtain the cross-sectional areas the nerve trunk and its contained funiculi. 
Throughout the text the term area means cross-sectional area. 

Some tests were terminated various stages to, well including, failure 
and the specimens removed and sections from them prepared for histological 
examination. This material was used for study the distribution the lesions 
with increasing loads. 
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OBSERVATIONS AND DISCUSSION 


Peripheral nerves possess elasticity. When nerve subjected 
gradually increasing tensile load, there linear relationship between 
load and elongation until certain point reached, after which pro- 
portionality longer holds and the elasticity the nerve has broken 
down. The nerve now passes into semi-plastic state that further 
application load causes the strain increase more and more rapidly 
with the stresses, until value load reached which local yielding 
the nerve occurs. This corresponds the maximum load and the 
corresponding stress the maximum stress. Fig. which typical 
graph from the testing machine nerve under tensile test, illustrates 
the behaviour nerve tension. first sight may seem that 
peripheral nerve undergoing elongation obeys Hooke’s Law but this 
would only the cross-sectional area remained constant which 
does not (see 

The percentage elongation has been recorded the elastic limit (A), 
beyond which stress longer proportional strain, and the point 
failure (B) maximum load. Below the nerve behaves 
elastic material whereas between and now behaving semi- 
plastic, opposed elastic, material. Mechanical failure com- 
plete and with lever type testing machine could demonstrated 
that beyond this point the load which the nerve withstands falls pro- 
gressively zero. 

these simple tensile tests nerves carried destruction, 
sufficient information was obtained form estimate the strength 
and elasticity the material. The observations are detailed Tables 
and 


(1) Maximum Load Irrespective Size 
The range maximum loads kilogrammes was: 


Lateral popliteal 21-4 


These values are generally lower than those reported others but are 
based much larger series examinations. They also direct attention 
the great range variation within each nerve grouping, e.g. median, 
ulnar, etc. Earlier writers (Marshall, 1883; Bowlby, 1889) commented 
individual differences but related the variations such factors the 
cause death, body build and post-mortem changes. However, the 
cross-sectional areas peripheral nerves vary greatly within the same 
nerve grouping and this was responsible for our decision express the 
maximum loads kilogrammes per square millimetre both the total 
area and total funicular area (see succeeding sections). 
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TABLE (M) and LATERAL (L) POPLITEAL NERVES 


Maximum Stress 
elongation Load kg. kg/sq. mm. 
limit load limit mum area area 
30-0 
25-0 
M10 24-0 8-0 31-0 1-3 
12-0 19-0 1-6 


(2) Maximum Tensile Stress the Nerve Trunk 


should noted that the cross-sectional area the material under 
test reduced the load increases and elongation occurs. For this 
reason the stress intensity would higher than that calculated the 
original cross-sectional area. Thus the assumption that nerve 
perfect cylinder, that the volume remains the same the nerve 
stretched, and that there per cent increase length then 

where and are the original and final areas respectively, and the 


original length the specimen. 
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Hence the final stresses are per cent greater than the area remained 
constant. 

Since the nerve not homogeneous structure and does not behave 
perfect cylinder, and because had means accurately following 
the reduction area the test proceeded, all calculations have been 
based the original area obtained histological study. The prob- 
lem the reduction area with elongation the subject 
separate study. 

The range maximum tensile stress calculated the cross-sectional 
area the nerve trunk was: 


Variations observed maximum ioads are partly accounted for 
variations the cross-sectional area the nerves examined. Thus, 
general, the greater the area the greater the maximum load. This, how- 
ever, not invariably and reference the properties two nerves 
selected from Table will illustrate this point: 


sq. mm. mm. Kg. 


Despite the fact that the area values for specimen were only half the 
corresponding values for the maximum load for the former slightly 
exceeded that for the latter. 


(3) Maximum Tensile Stress the Funicular Area 

Nerve trunks are not homogeneous structures which directs attention 
the need for ascertaining the relative roles the several components 
resisting tensile loading. was hoped that study funicular areas 
relation maximum loads would provide clue the relative roles 
the funicular tissue and epineurium resisting stretching. 

has already been shown that the percentage funicular area varies 
irregular manner from level level along the same nerve and from 
nerve nerve and individual individual (Sunderland and Bradley, 
1949). Assuming that the funiculi might the significant component 
resisting tensile loading, opposed the loosely arranged epineurium, 
funicular variations such those referred could conceivably con- 
tribute the recorded variations maximum loads. The cross- 
sectional analyses were undertaken order examine this possibility. 
Variations funicular area over the test lengths studied could not, 
course, obtained and the mean the values the two ends 
specimen had accepted overall value for the cross-sectional 
funicular area. 
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The reference the preceding section the changes the cross- 
sectional dimensions the entire nerve trunk produced with elongation, 
and the basis the calculation employed this study, applies equally 
the funicular area. 

The range maximum tensile stress calculated the funicular cross- 
sectional area the nerve was: 


general the maximum load increases with increasing funicular area. 

When stress calculated the total area, the funicular area and the 
epineurial area the total load more closely related the funicular area 
than the epineurial area which points the former the major factor 
resisting tension. 

Some discrepancies, however, remain unexplained. Thus, nerves 
with the same, approximately the same, funicular and total cross-sec- 
tional areas may differ significantly their maximum loads. The 
following data extracted from the Tables will illustrate this point: 


sq. mm. sq. mm. kg. 
Median 7:2 


overall thickness, registered maximum loads which differed significantly. 
The records two such nerves will illustrate this feature. 
Total area Funicular area Maximum load 


mm. Sq. mm. kg. 
Medial popliteal 5:2 


This finding would rather suggest that the factor responsible for the 
discrepancy maximum loads was located outside the funiculi. This 
assumes, however, that, because the funicular areas two nerves are 
identical, the remaining histological features associated with the bundles 
will correspond detail. Such close correspondence is, however, 
highly unlikely. Quite clearly the cross-sectional analysis the basis 
funicular and non-funicular tissues represents over-simplification 
very complex problem. 

Additional factors which could not isolated and evaluated separately 
this study were: 

(i) Individual peculiarities inherent the tissues. 

(ii) Post-mortem changes influenced the cause death and the 
duration the interval between death and the experiment. There was 
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Furthermore some specimens the same funicular area, but different 
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nothing the cause death suggest contributory factor from this 
source while all examinations were conducted within twelve hours 
death and under the same conditions. 

Variations introduced the machine. tensile testing the 
ideal pure axial loading. possible during testing depart from 
this which case there may greater concentration stress some 
areas the cross-section than others. Under these conditions failure 
will occur earlier than otherwise. 

(iv) The reduction funicular area which occurs with elongation, and 
which would influence the calculations, could not followed these 
experiments. All calculations are based the initial measurements. 

(v) The number and size the funiculi. The number funiculi varies 
from specimen specimen well from level level along the same 
nerve. the number funiculi increases, their size diminishes and 
vice versa (Sunderland and Bradley, 1949). Thus for given total 
funicular area, the total perineurial circumference will increase the 
number bundles increases. This could contribute variations the 
amount perineurial tissue and this way variations the strength 
nerves with approximately the same funicular area but differing 
number bundles. When the specimens were analysed the basis 
the number bundles, the evidence justified the generalization that the 
strength increases the number bundles increases though this was not 
invariably so. The following data reflect the correlation between 
strength and the number 


Maximum 


Funicular stress 
area No. funicular area 
mm. bundles kg./sq. mm. 
Ulnar 3-6 
2°5 


this connexion should noted that the funicular counts were 
made from sections adjacent but necessarily outside the test length. 

(vi) The cross-sectional funicular analyses did not permit estimate 
such important features as: 

(a) Variations funicular area along the test length. The funicular 
areas were calculated measurements made blocks tissue removed 
from each end the test length. There was way estimating the 
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cross-sectional area pattern along the full length that the variations, 
which have been shown occur over such lengths, could influence the 
calculations. 

(b) Variations the size and number the bundles along the full 
length the specimen (see above). 

(c) The relative amount axon, myelin, Schwann cells, endoneurium 
and blood vessels within the 

(d) The strong intrafunicular connective tissue septa certain levels 
which mark the site impending division funiculus recent fusion 

Variations the thickness the perineurium individual funiculi 
(Sunderland and Bradley, the diameter nerve 
funiculi and the thickness the perineurial sheath have shown that 
linear relationship exists between these two morphological features. 

(f) The arrangement blood vessels the nerve trunk. 

(g) this connexion also important remember that the 
not run parallel courses along nerve trunks. the contrary they 
divide and fuse repeatedly, engaging plexus formations which bring 
about rapid changes the funicular pattern. These plexus formations, 
which knit the bundles intimately together, must influence the tensile 
strength the nerve. 

Each these morphological components could take load but have 
different elastic ranges and even different maximum strengths per unit 
area. Though was impossible assign value these structural 
variables, there sufficient evidence, despite the odd conflicting finding, 
point the funicular tissue the main component resisting tension. 
This supported the histological findings (see 

proposed extend this study cover the behaviour nerve 
roots and denervated peripheral nerve trunks under tensile loading. 
Nerve roots lack perineurial sheath and the root fibres are arranged 
parallel non-plexiform strands while the axon and myelin peripheral 
nerve trunks can eliminated dividing the nerve. hoped 
this way obtain some understanding the contribution these 
morphological features the strength and elasticity nerve trunks. 


(4) Elongation 

Providing was not strained beyond its elastic limit the specimen 
regained its original length while further testing showed that had also 
retained its elastic properties. When the test was reversed after passing 
the elastic limit the specimen did not regain its original length but had 
acquired permanent set. 

The tests showed linear relationship between load and elongation 
over range elongation which may summarized follows: 


> 
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Medial popliteal per cent 
Lateral popliteal per cent 


There reasonable correspondence between the values for the nerve 
groups investigated. While the values favoured the upper ranges 
each case should noted that for some nerves the elongation the 
elastic limit may low approximately per cent. 


The percentage elongation mechanical failure was: 


Medial popliteal per cent 
Lateral popliteal per cent 


Again the values favoured the higher ranges and there was close 
correspondence the case the range variation recorded for each 
nerve group. While there are substantial individual variations 
clear that the greatest elongation the elastic limit the order 
per cent and that complete mechanical failure occurs maximal 
elongations approximately per cent. The histological evidence 
indicates that physiological failure would occur just below the 
elastic limit but study conduction properties under these conditions 
would necessary reach finality this point. All that the present 
findings achieve put absolute upper limit this feature. 
this connexion worthy note that Schneider (1952) his experi- 
mental studies reported that fibres continued conduct almost the 
point rupture. Weir Mitchell (1872) also reported continuing con- 
duction with elongations per cent though his studies probably 
included elongation before taking load (see below). 

The findings this investigation are more line with those 
Renyi (10 per cent frog), Highet and Sanders (upper limit per cent 
the dog), Liu per cent the dog), and Schneider (15 per 
cent for larger nerve trunks the frog). They are conflict with the 
data reported Denny Brown and Doherty (100 per cent) and Hoen 
and Brackett (25 per cent) but this connexion should noted 
that these investigators probably included additional factors influencing 
the length nerves. Thus the percentage elongations this particular 
study relate the original length the nerves the point where the 
specimen commenced take load. does not include the elongation 
produced “‘taking the undulations the nerve trunk its course 
and the slack within the nerve itself both which must straightened 
out before the nerve takes load and under stress. possible that 
Denny Brown and Doherty and Hoen and Brackett were including this 
component their measurements. 
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(5) Histological Changes 

Observations the nerve during loading and examination the 
histological preparations permitted the following conclusions. 

The initial elongation the nerve occurs without the specimen taking 
load. Over this range the epineurium does not resist tensile loading and 
lengthening occurs the slack the nerve trunk and its funiculi taken 
up. Load first resisted the perineurium which protects the con- 
tained undulating nerve fibres the funiculus. With increasing 
elongation the nerve fibres are straightened and then stretched along with 
the perineurium. The relative roles the perineurium, endoneurium, 
axon and myelin resisting tensile loading could not ascertained from 
these studies but the subsequent behaviour the nerve fibres favoured 
the perineurium the principal agent. the load increased, rupture 
some nerve fibres occurred within bundles while others continued 
elongate. Finally some bundles ruptured, often widely spaced 
intervals along the nerve. This occurred without, however, necessarily 
precipitating failure the entire trunk, the surviving bundles continuing 
withstand the increasing load. Finally funicular breakdown involved 
sufficient number bundles cause failure the entire nerve. All 
bundles had then ruptured and the nerve elongated rapidly plastic 
structure. 

The important points emerging from this macroscopic and microscopic 
study were the dependence the stretched nerve trunk the integrity 
the funiculi, the rupture nerve fibres within bundles before breaks 
appeared the perineurium, and, some specimens, the extensive 
longitudinal distribution the lesions produced stretching the 
elastic limit the nerve was exceeded. The elastic properties were 
retained long the perineurium remained intact. The behaviour 
the vessels was difficult follow this material. Tearing some vessels 
could detected before rupture the funiculi and none survived the 
point mechanical failure. 

this connexion important remember that the funiculi not 
run parallel courses along nerve trunks. the contrary they divide 
and fuse repeatedly, engaging plexus formations which knit the 
bundles intimately together and which must add the tensile strength 
the nerve. The sites which failure occurred appeared deter- 
mined points relative weakness the plexus but was difficult 
absolutely certain this point. 


SUMMARY 
(1) The strength and elasticity large peripheral nerve trunks have 
been investigated with particular reference 
(a) Maximum loads irrespective size. 
Maximum stress per unit area nerve trunk. 


118 SUNDERLAND AND BRADLEY 


(c) Maximum stress per unit area funicular tissue. 

(d) Elongation the elastic limit and mechanical failure the nerve. 

(e) The distribution the lesions the point mechanical failure 

approached and passed. 

(2) The maximum tensile stress the nerve trunk varied, over all the 
nerves investigated, from 0-5 3-1 kg. per sq. mm. 

(3) The maximum tensile strength the funicular area varied, over all 
the nerves studied, from 1-7 kg. The factors responsible 
for the range variation are discussed. 

(4) Nerve trunks are not homogeneous structures but are composed 
complex assembly different morphological components each 
which could take load but have different elastic ranges and different 
maximum strengths per unit area. Other morphological features 
nerve trunks influencing their strength and elasticity have also been 
discussed. Though was not possible isolate and separately evaluate 
the properties each these features there was sufficient evidence 
point the importance the funicular tissue opposed the 
epineurium resisting tension. 

(5) Peripheral nerves possess elasticity. While there are substantial 
individual variations clear that the greatest elongation the elastic 
limit nerve trunk the order per cent and that complete 
mechanical failure occurs maximal elongations approximately 
per cent. For some nerves the elongation the elastic limit may 
low per cent. 

(6) important factor influencing the elongation the rate 
application the load. all the experiments reported this paper 
short time static loading was applied machine geared rate 
inches per minute. There abundant clinical evidence that slow stretch- 
ing over long periods (usually years) leads remarkable increases 
length without any disturbance function. 

(7) The pattern mechanical failure this relates structure 
described. The dependence the stretched nerve trunk the integrity 
the funiculi and the rupture nerve fibres before fracturing the 
perineurium were noteworthy features. The extensive longitudinal dis- 
tribution the lesions the elastic limit the nerve was exceeded 
confirmed. 

(8) Individual differences and peculiarities the mechanical properties 
nerves may explain why some nerves are more susceptible than others 
injury deforming forces. 
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STRESS-STRAIN PHENOMENA HUMAN SPINAL 
NERVE ROOTS! 


Department Anatomy, University Melbourne, Australia 


THE results investigation stress-strain phenomena human 
peripheral nerve trunks have been reported earlier paper (Sunderland 
and Bradley, 102). During the course that study attention was 
directed the need for attempting evaluation the relative contribu- 
tions the epineurium, perineurium, endoneurium, axon and myelin 
the tensile strength the entire nerve trunk. this connexion indica- 
tion the importance the epineurium and perineurium provided 
Schneider’s (1952) experiments pairs frog sciatic nerves which one 
was tested with intact sheath while the other had mm. the epineur- 
ium and perineurium removed. The stretched intact nerve continued 
function under load grammes while conduction the stripped 
specimen failed with loads only grammes; each case motor 
responses the field the tested nerve failed when the elongation reached 
per cent. 

the present study stress-strain phenomena have been investigated 
human spinal nerve roots which were selected for study because they differ 
two significant respects from peripheral nerve trunks. Firstly the 
perineurium absent and secondly the root fibres run parallel non- 
plexiform strands which are loosely held together delicate connective 
tissue. excluding, this way, the perineurium and the funicular 
plexus formations peripheral nerve trunks was hoped obtain some 
understanding the contribution these two features the tensile 
strength nerves. 

MATERIAL AND METHODS 

The anterior and posterior spinal roots the third sacral nerve adult subjects were 
selected for investigation. Specimens were obtained from the autopsy room within 
twelve hours death and tested immediately. Fifteen anterior and seventeen 
posterior nerve roots were tested and the test length varied from mm. 


The method employed for stretching the nerve roots and the collateral histological 
study obtain cross-sectional areas were precisely the same those reported the 


1This work was supported financially grant from the National Health and 
Medical Research Council Australia. 
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earlier paper stress-strain phenomena peripheral nerve trunks (Sunderland and 
Bradley, 102). Reference should made that paper for the technical details 
which the present investigation based. general, the nerves were stretched 
Scott Tensilgraph which applies steady tensile load and records graphically curve 
with elongation inches ordinate and load pounds abscissa. The rate 
application the load was in. per minute. The recordings were converted 
millimetres and kilogrammes. 


OBSERVATIONS AND DISCUSSIONS 


The findings are recorded Table 
(1) The posterior spinal nerve root had greater cross-sectional area 
than the corresponding anterior root. 
TABLE I.—DATA RELATING NERVE ROOTS 
P=Posterior. 
the case specimens the anterior and posterior roots are from different 


subjects. 
Maximum 
Percentage elongation Load kg. stress 
sq. mm. limit load limit load mm. 

1:7 


| 
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(2) the case the anterior and the posterior nerve roots the cross- 
sectional areas were generally the same order the two sides though 
lateral differences were recorded. 

(3) The range maximum loads kilogrammes, regardless the 
cross-sectional area, was: 

Anterior root 2:2 
Posterior root 0-5 


the case corresponding anterior and posterior nerve roots, the 
latter registered the greater maximum loads, this being related their 
greater cross-sectional area. 

(4) The range maximum tensile stress calculated the cross-sectional 
area the nerve root was: 


Anterior root 0-4 kgs/sq.mm. 
Posterior root 0-6 kgs/sq.mm. 


each case, the values favoured the upper ranges. 

Variations the maximum loads are influenced variations the 
cross-sectional area the nerve roots. Thus, general, the greater the 
area the greater the maximum load. This, however, was not invariably 
the case will seen reference the findings for the posterior nerve 
roots specimen 21. 

Left 0-6 sq. mm. kg. 
Right sq. mm. kg. 


Factors other than thickness are operating and those which could not 
isolated and evaluated separately this study were: 


(i) Individual peculiarities inherent the tissues. 

(ii) Post-mortem changes influenced the cause death and the dura- 
tion the interval between death and the experiment. There was nothing 
the cause death suggest contributory factor from this source 
while all examinations were conducted within twelve hours death and 
under the same conditions. 

Variations introduced the machine. tensile testing the ideal 
pure axial loading. possible during testing depart from this 
which case there may greater concentration stress some areas the 
cross-section than others. this occurs failure will occur earlier than 
otherwise. 

(iv) Nerve roots, like nerve trunks, are not homogeneous structures 
which directs attention the need for ascertaining the relative roles the 
several components resisting tensile loading. was not possible 
estimate the relative amounts axon, myelin, Schwann cells, endo- 
neurium, loose binding connective tissue and blood vessels comprising the 
nerve root. The arrangement, however, more uniform nerve roots 
than nerve trunks. The former lack perineurium and funicular plexus 
formations while most the cross-sectional area made nerve 
fibres. 
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The more uniform the material the more uniform the values for maxi- 
mum stress per sq. mm. and the findings for nerve roots, comparison 
with those for nerve trunks, are consistent with the more uniform structure 
the former. 

(v) further factor worthy note concerns the calibre the fibres 
representing the third sacral nerve root. Accepting that the endoneurium 
the important component resisting elongation the nerve fibre 
(Sunderland and Bradley, 102), then unit area packed with thick nerve 
fibres would weaker than one filled with fine fibres because circum- 
ference does not increase the same way area but falls proportionately 
the fibre increases size. this basis nerve root composed fine 
fibres should stronger than one corresponding cross-sectional area 
filled with thick fibres. known that the nerve fibres posterior roots 
are, average, finer than those the anterior roots (Rexed, 1944). 
Posterior roots would, therefore, expected stronger than anterior 
roots the same dimensions. Reference Table will show that such 
fact the case. 

(5) The strength nerve roots much less comparison with peri- 
pheral nerve trunks. The important component this connexion appears 
the perineurium which absent the former but present the latter. 

(6) The tests showed linear relationship between elongation and load 
over the following range elongation: 

the elastic limit mechanical failure 

Providing was not strained beyond its elastic limit the specimen 
regained its original length while further testing showed that had also 
retained its elastic properties. the test was reversed after passing 
the elastic limit the specimen did not regain its original length but had 
acquired permanent set. While the values favoured the upper ranges 
each case should noted that for some nerve roots the elongation 
the elastic limit may low per cent. 

Acknowledging individual variations (Table I), reasonable con- 
clude that the greatest elongation the elastic limit approximately 
per cent and that complete mechanical failure occurs maximum elon- 
gations approximately per cent. Each these values per cent 
less than those recorded for peripheral nerve trunks. 

Thus nerve roots have similar elastic properties peripheral nerves. 

(7) Values for stress and elongation, while relating the entire nerve 
root, are more closely identified with the nerve fibres which represent 
the bulk the root. Concerning the individual components the nerve 
fibre, the available evidence favours the conclusion that the important 
tissue taking load and resisting elongation the endoneurium (Sunderland 
and Bradley, 102). 
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(8) comparison values for stress and elongation spinal nerve roots 
and peripheral nerve trunks indicates that under tension nerve roots fail 
lower values than nerve trunks and are, consequently, more vulnerable 
mechanical deformation this type. This consistent with the histo- 
logical picture failure nerve trunks subjected stretching. Here 
nerve fibres (which comprise the main component nerve roots) com- 
monly fail within the funiculus before the elastic limit the nerve trunk 
reached and rupture the perineurium occurs. 
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STRESS-STRAIN PHENOMENA DENERVATED PERIPHERAL 
NERVE 


Department Anatomy, University Melbourne, Australia 


earlier study attention was directed examination stress- 
strain phenomena peripheral nerve trunks and, particular, the 
behaviour human peripheral nerves subjected progressively increasing 
tensile loading continuing the point mechanical failure (Sunderland 
and Bradley, trunks are not, however, homogeneous struc- 
tures which introduces the problem ascertaining the relative the 
several components resisting tensile loading. 

The investigation which forms the subject this report was concerned 
with attempt evaluate the contribution the axon and myelin the 
tensile strength peripheral nerves eliminating these components from 
the system degeneration. 

From his microdissection studies fresh isolated frog myelinated nerve 
fibres Renyi (1929) demonstrated that nerve fibre released from 
pulling, after has been stretched per cent its original length, will 
regain exactly its original length and concluded that 
elasticity the whole nerve fibre can explained only the elastic 
nature the axone and that the and myelin not 
show elastic the other hand, Schneider (1952) from his 
detailed studies the extensibility fresh isolated frog myelinated nerve 
fibres concluded that the axoplasm its normal state plastic liquid 
and that the endoneurium responsible for the protection the fibre 
against stretching. 

MATERIAL AND METHODS 


The median and ulnar nerves adult cats were selected for investigation. six 
specimens the two nerves were removed both sides between the axilla and the 
one these specimens the superficial radial nerve was also removed 
both sides. This material was used for study stress-strain phenomena normal 
nerves. 


work was supported financially grant from the National Health and 
Medical Research Council Australia. 
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six cats the median and ulnar nerves one side were divided high the axilla 
under ether anesthesia and aseptic conditions. The experiments were terminated 
three weeks later order allow time for the degeneration the axoplasm and 
myelin. The two nerves were then removed both sides, those from the unoperated 
side being tested controls. 

The method employed for stretching the normal and degenerated nerves was pre- 
cisely the same that reported earlier paper stress-strain phenomena 
peripheral nerve trunks (Sunderland and Bradley, Reference should made 
that paper for the technical details which the present investigation 
general, the nerves were stretched Scott Tensilgraph which applies steady tensile 
load and records graphically curve with elongation inches ordinate and load 
pounds abscissa. The rate application the load was in. per minute. The 
recordings were converted millimetres and kilogrammes. 


OBSERVATIONS AND DISCUSSION 


The findings are recorded Table The denervated distal segment 
nerve appears have the same elastic properties, and able carry 
the same load, the normal proximal segment. Thus, the elimination 


TABLE 
Percentage 
Area elongation Max. stress 
Subject and nerve max. load kg. kg./sq. mm. 
Normal 

Median 2°5 1-0 
Ulnar 1-2 1-3 

Divided 17* 0-8* 
Divided 1-0 0-9 


*Specimen pulled from the grips while elongating elastic structure. 
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axoplasm and myelin from the system did not result reduction the 
strength elasticity the nerve trunk. From this could not con- 
cluded, however, that these two components are lacking strength and 
elasticity. The only conclusion that could drawn from these findings 
that values for the axon and myelin not exceed those for the other 
constituents. 


Renyi attributed the elasticity fresh isolated frog myelinated nerve 
fibres solely elastic nature the axone the other hand, 
while the evidence relating the internal condition nerve fibres 
admittedly incomplete, most indicates fluid consistency (Young, 
1945) and consistent with Schneider’s (1952) findings stretched nerve 
fibres and with his general conclusion that the elastic properties the 
nerve fibre and its capacity withstand loading reside the endoneurium. 
Thus the stress induced the interior nerve fibre during loading would 
low compared with that developed the supporting connective tissue 
and the form the myelin and axoplasm would influenced the 
tension the endoneurium. Failure the endoneurium would 
immediately followed failure the axon and myelin, discontinuities 
appearing when elongation exceeded the elastic limit. 
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NEUROPHYSIOLOGY 
Handbook Physiology. Section Volume JoHN 
Section Editor, Executive Editor, HALL. American 
Physiological Society, Washington, D.C. 1960. Pp. 573. Distributed The 
Williams and Wilkins Company, Maryland. Price $20.00. 


This third volume the series comes the high standard its predecessors. 
The first eleven articles are concerned with psychophysiology and include one the 
neural basis learning Robert Galambos and Clifford Morgan, one 
emotional behaviour Joseph Brady and particularly valuable one attention, 
consciousness, sleep and wakefulness Donald Lindsley. Zangwill writes 
speech. This part followed articles concerned with the metabolism the 
nervous system, beginning with one the cerebral circulation Seymour Kety. 
Sir Rudolph Peters writes introduction the metabolic section which deals with 
the vitro and vivo metabolism the nervous system and the effect nutritional 
disorders. Finally, under the heading integration,” 
Gerard reviews much the work reported the rest the volume ranging from 
molecules behaviour. most valuable part the book the list references, 
often amounting 200 300 the end each article. The whole book mine 
up-to-date information which will particularly useful clinical and laboratory 
workers who wish know what going fields other than their own. 


RUSSELL BRAIN. 


THE REFLEXES 
The Discovery Reflexes. Professor 1960. Pp. 174. 
Oxford University Press. Price 30s. 

one can grasp how much present-day neurophysiology was due Sherrington 

unless they know what his predecessors knew. Apart from Sherrington’s own 
acknowledgments the Integrative Action, most people would have scarcely heard 
them. 
this book there fascinating account the development the anatomy the 
nervous system, animal electricity and experimental methods. The stage then 
set for survey the development Sherrington’s ideas skin and muscle innerva- 
tion and the behaviour muscles, all essential parts reflex behaviour. 

Former pupils and colleagues Professor Liddell will recognize the style—con- 
versational and yet crystalline, aware human failure but unsentimental judgment. 
But its quality not easy toconvey. There are glimpses learning and understanding 
the kind that sometimes justify the existence tutorials; occasional illuminating 
phrase, for example the differences between reflexes the hind limb the cat and 
the rabbit; comment Claude Bernard’s polished oratory the central nervous 
system which did little original work; charitable account Charles Bell’s 
part the controversy over the law the roots, but some severer comments his 
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relations with Marshall Hall, judgments which are unexpected but yet convincing; 
Cajal’s account his own first demonstration his results the leading histologists 
and their warmly expressed approval, but none, however, recorded the occasion 
their own memoirs. 

Bell, Magendie, Marshall Hall and Grainger are all animated the author’s 
sympathetic understanding the situation they knew it, with their imperfect 
microscopes, unreliable and inconvenient electrical stimulating devices, and heavy 
load misconceptions inherited from their predecessors. The study predecessors 
sometimes fascinating and often tedious. What, Professor Liddell says, more 
dead than theory which has 

this book the dry bones live, and the slow and tortuous evolution ideas comes 
life. concerned with the central nervous system should read and savour it. 


WHITTERIDGE. 


THE CEREBRAL CORTEX 


Some Papers the Cerebral Translated from the French and German 
GERHARDT VON BONIN, Professor Anatomy, College Medicine, University 
Illinois. Monograph Lectures Classics Science and 
Oxford: Blackwell. Pp. 92s. 


This most valuable book many ways and hoped that many will support 
the enterprise the publishers. Eleven papers the cerebral cortex chosen from 
the principal nineteenth century contributors have been translated from the original 
French German one with deep understanding both the subject matter and 
the three languages. Starting with Flourens and Baillarger, one can enter the world 
Broca, Hitzig, Munk, Goltz, Meynert, Flechsig, Brodmann, von Monakow and 
Cajal, before closing with very welcome reprint Sherrington’s experimental study 
the primate motor-cortex. each contribution have the flavour exciting 
new discovery and uninhibited speculation and controversy degree not found 
the run contemporary scientific literature. But perhaps the juxtaposition 
accepted fact and error, and modern and dated utterance that will stimulate the 
reader most. are given convincing glimpse Flourens’ (1824) analytical 
powers and the modesty and care Broca (1861) drawing conclusions from 
clinical cases. Fritsch and Hitzig’s (1870) paper electrical stimulation the 
dog’s cortex stands out particularly for the many small details technique and 
observation recorded, and interesting reminded that this work started from 
observations Hitzig the effect the eyes passing electric currents through 
the human scalp. also interesting note that work this excellence was pro- 
duced apparently unpromising liaison between dilettante who made other 
contribution medicine and Hitzig, psychiatrist incorrigible conceit and vanity 
complicated (von Bonin his there 
something here for grant-givers and others ponder on. Munk (1881) gives 
masterly analysis the visual sphere, and may envy him the language which 
can express his unfavourable views Ferrier’s work. The papers both Goltz 
(1888) and von Monakow (1911) remind one the perils reasoning without 
reference species differences, but both contain wealth observation that 
lasting value. The outstanding paper the more recent group that Cajal (1911). 
Most what says the theories the organization and function the brain 
remarkably undated and reveals great powers marshalling speculation well 
fact. This one those books which likely have subtle influence those 
who read it, because the practical demonstration provides the lasting value 
analysis, experiment and unprejudiced observation over speculation and rigid 
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authoritarianism, for each these present some measure all the papers 
selected. may also perhaps have influence some editors, for demonstrates 
how readable papers can when they are not organized standard form. 
withal excellently produced and the translation almost free from the unfelicitous 
phrase—in fact 400 pages text the excusable error Queens Square (p. xix) was 


the only one marginally noted. 
JOHN BATES. 


NEUROCHEMISTRY 


Biochemical Aspects Neurological Disorders. Ed. Cumincs and 
KREMER. Pp. 230. Oxford: Blackwell. Price 37s. 6d. 

This book collection lectures delivered the Institute Neurology 
Queen Square biochemical subjects which have bearing clinical neurology. 
There are corresponding accounts recent clinical observations the subjects 
under review. will certainly useful the clinical neurologist who wishes keep 
date with the latest developments this field. The standard contributions 
high and all are well worth reading. This reviewer found specially interesting the 
chapters porphyrin metabolism, pituitary and adrenal disorders and the bio- 
chemical aspects disorders muscle. All the chapters are reasonably short and 


the bibliographies are well selected. 
EARL. 


NEUROSURGERY 


Surgery World War II. Ed. GLEN SPURLING, 
M.D., and BARNES M.D. Medical Department, United States 
Army, Washington, D.C. 1959. Pp. 705. Price $7.00 


This the second and final volume recording the American experiences neuro- 
surgery the recent World War and concerned with two varieties battle injury, 
that the spinal cord and the peripheral nerves, with short interposed chapter 
the administrative handling that bugbear military surgery, the prolapsed inter- 
vertebral disc. 

The first section concerned with all aspects injuries the spinal cord and 
includes excellent chapters the technique surgical excision and debridement 
the wounds; the management the genito-urinary complications, which form such 
major part the treatment the paraplegic; the prevention and care bedsores 
and their plastic surgical repair; nutritional aspects, occupational training, and 
rehabilitation with view number cases return work. The full follow-up 
and final assessment these patients with spinal cord injuries has not been possible 
this volume, for within sixteen months War’s end paraplegics were transferred 
the care the Veteran Hospitals administration, but subsequent publications over 
the years from these various Hospitals have continued the later story. 

Many interesting points emerge from this complete study the paraplegic. 
Transportation was found important factor the production urinary 
sepsis and bedsores. The primary treatment field base hospital Europe 
was excellent but the fall the standard care during transportation back U.S.A. 
often undid all the good work already done. The controversy over the treatment 
the bladder the acute paraplegic here largely stilled and opinion seems come 
down firmly the side urethral catheterization with some form intermittent 
irrigation, either manual tidal. The tremendous reduction the mortality rate 
among these unfortunate cases, compared with World War emphasized being 
not only due penicillin and urinary antiseptics, but large extent the deter- 
mined and aggressive attitude taken their care. 
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The second and major portion the book devoted injuries the peripheral 
nerves, and includes sections the detailed method examination, the anatomical 
and surgical approach, the technique suture and bridging gaps, and handling 
nerve injuries when complicated fractures, vascular injuries and extensive soft 
tissue and skin defects; the neuropathological features, the uses physiotherapy, 
and orthopedic procedures cases irreparable damage. Among many good chapters 
those causalgia, neurovascular injuries and the method examination, were 
particular interest the reviewer. 

The work the product many surgeons from different theatres war and 
fact history rather than textbook treatment and must read with this 
mind, that the administrative details which are worked into the pattern the book 
are found add rather than detract from its value and interest. 

the appendices there detailed plan treatment the paraplegic patient and 
statistical analysis over 6,000 cases peripheral nerve injury. 

This volume contains vast amount factual information and the numerous 
authors concerned its production are congratulated their determination 
set permanent record their experiences these battle injuries long after the 
end the War when interest the type surgery, any rate temporarily, has waned. 

The high standard illustrations, photographs and X-rays, set the first volume, 


continued this production. 
VALENTINE LOGUE. 


CLINICAL NEUROLOGY 


Clinical Neurology. Sir Oxford University Press. Pp. 400. 
Price 38s. 

this entirely new book the author mind particularly the needs those 
doctors and students who require know only the essentials neurology, but 
know them this journal enough give notice the publication 
and its author’s intentions—readers will judge his success—but the publishers may 
praised without embarrassment for producing most pleasing volume price 


which shows their anticipations unusually wide sale. 
DENIS WILLIAMS. 


THE OCCIPITAL LOBE 


Les Grandes Activités Lobe Occipital. Ed. TH. ALAJOUANINE. 1960. Pp. 362. 
Paris: Masson Cie. Price 34.00 N.F. 


This book the occipital lobes one series published under the auspices 
Les Semaines Neurophysiologiques apparently planned encompass 
the cerebral hemispheres, lobe lobe. The volume makes some attempt compre- 
hensiveness and the sections are arranged hierarchically with articles anatomy, 
mammalian visual physiology, and the psychology vision followed those devoted 
disturbances function brain lesions including abnormalities the visual 
field, altered visual spatial organization, epileptic nystagmus, cortical blindness, 
visual agnosia, alexia, EEG, and cerebral organization. 

The topics (by eminent contributors) are clearly presented and well organized 
although some lack bibliography, and there difference the standard treat- 
ment expected compilation this variety. some extent the volume 
lacks balance, with the significance topic poorly related the space allocated, 
and there artificial subdivision subjects the level” resulting 
repetition. also suffers from more basic fault, the organization anatomical 
rather than functional lines. The lobe” devoid functional integrity 
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and comprehensive treatment such artificial entity entails sectionalism 
foreign the republic the brain. The difficulties this restriction proved 
insurmountable and the adjacent parietal, temporal and frontal lobes were often 
incorporated. Nevertheless, given the format, the editors have contrived review 
large amount material and provide interesting and valuable compendium. 


GASSEL. 


THE CEREBELLUM 


The Physiology and Pathology the Cerebellum. STONE Dow and GIUSEPPE 
Minnesota University Press. Pp. 675. London: Oxford University 


Press. Price £5. 


The first two-thirds this book give closely argued physiological account the 
cerebellum: the last third gives much less detailed but clear and readable account 
cerebellar symptoms and pathology man. This review mainly concerned 
with the physiological sections, which the authors less than examine and 
assess all the significant observations made the function this organ. has 
been clear for some time that observations made the cerebellum various species 
would make coherent sense only they were related the newer ideas phylogeny 
this part the nervous system. Moreover the anatomical extent and functional 
significance experimental ablations have been assessed different times very 
varied standards. The special value the authors’ treatment that they have 
reconsidered vast and diverse mass evidence this light and brought into 
manageable shape. This heroic analysis was very necessary, though does not make 
light reading. particularly helpful clarifying much the work done with 
stimulation and ablation. Anatomical and functional data are sometimes elegantly 
combined, for instance dealing with the excitatory and inhibitory influences the 
cerebellum postural mechanisms, and the functional differentiation the roof 
nuclei: these very stimulating accounts reflect the work the Pisa laboratory 
recent years. Different kinds evidence cannot always well related—for 
instance real difficulties still exist understanding the important question somato- 
topic arrangement the cerebellar cortex. 

The fact that each the functions considered here involves the cerebellum without 
being related exclusively raises inevitable problem presentation; but the 
authors have successfully avoided isolation the cerebellum from complementary 
dependent organizations, that their field considerably wider than appears 
first sight. another sense well this book has wider implications, because 
sets good standards assessing experimental evidence derived from the central 
nervous system. The whole book refreshingly free loosely supported opinions 
and speculations: claims, not show how the cerebellum works, but disentangle 
the various elements its “‘sphere This done with thoroughness 
and method which put this book alone its field today. 


The material well arranged and well indexed; and reference from one part 
another very much helped each section’s having both its own subject index and 
summary the problems hand. What the book lacks diagrammatic key 
Larsell’s anatomical nomenclature: the nomenclature itself used extensively the 
text, which may difficult follow for the average reader unless prepared 


construct such key for himself. 
GEORGE GORDON. 
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NEUROPATHOLOGY 


Outline Neuropathology. BAKER, M.D., and ERLAND M.D. 
University Minnesota Medical School. Pp. 197. Dubuque, Wm. 
Brown Book Company. Price $5.00. 


This expansion small book first brought out Dr. Baker 1940 and 
reproduced then photographic process from typescript. written tele- 
graphic form series numbered paragraphs, form writing which quite 
indigestible but lends itself series didactic statements which, effect, form the 
whole the book. 

The illustrations (nearly 200 number) are poor quality, perhaps due the 
not very high grade paper which they are reproduced. The bibliography fairly 
well chosen, but there are virtually continental references. 

Neither the authors nor the publishers can congratulated this book, though 
doubtless many neurologists will buy the strength the name the distinguished 


senior author. 
PETER DANIEL. 


PSYCHIATRY AND PSYCHOPHARMACOLOGY 


Psychiatrie der Gegenwart. Forschung und Praxis. Band Klinische Psychiatrie. 
Price 120. 

More than thirty years have passed since the appearance the first volume 
Bumke’s der that massive testimony the patient 
observation and careful description which the foundations German clinical 
psychiatry were established. Apart from its intrinsic qualities, therefore, new 
German handbook invites interest guide post-war progress country which 
has made many contributions psychiatry the past. The present volume 
devoted clinical and therapeutic problems. subdivided into five sections 
dealing with the endogenous psychoses, the neuroses and psychopathic reactions, the 
addictions, the organic syndromes and the psychiatry childhood and old age. There 
are twenty-two chapters and many authors, 1,229 pages, full and reliable index 
and exemplary format. 

the space brief review only few general observations can made about 
book this size and scope. once apparent that while the great names 
German psychiatry still serve points reference there more international 
spirit informing the work whole: several the authors are Swiss, one chapter 
written French, another English and third has been translated from English 
into German. Further, the content and bibliographies several chapters indicate 
the increasing attention paid Anglo-American, American, 
psychiatry, some aspects which Binder and Stengel discuss explicitly. and 
large, however, the more familiar themes which carry most conviction. The 
material the organic syndromes comprehensive and well organized and Leonhard 
contributes lucidly provocative exposition Kleist’s views the atypical forms 
the functional psychoses. the other hand, not all the topics are treated with 
equal authority and there are some surprising omissions. mention, for example, 
made recent work phenylketonuria the amphetamine psychoses; the 
principles and problems the controlled clinical trial not figure discussions 
treatment; above all, the important social and epidemiological investigations which 
have modified psychiatric perspectives the past generation receive very little 
attention. Perhaps the balance will restored the next volume. 

MICHAEL SHEPHERD. 
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Epidemiology Mental Disorder. Ed. BENJAMIN PASAMANICK. The American 
Association for the Advancement Science. 1959. London: Bailey Bros. 
Swinfen, Ltd. Pp. 295. Price 59s. 


For its small contents this expensive book. The title suggests the comprehen- 
siveness textbook, while what provided the record symposium organized 
the American Psychiatric Association commemorate the centenary Kraepelin’s 
birth. contains twelve contributions which together cover only scattered aspects 
the wide field suggested the title. 

The first the Emil Kraepelin Memorial Lecture Eugen Kahn. This 
scholarly biographical account the evolution Kraepelin’s concepts and formula- 
tions, the man, his life and his achievement, which both critical and interesting. 
The reason for including this contribution sound enough, though one notes that its 
subject has only tenuous links with epidemiology the sense used generally this 
book. The reader then confronted with variegated selection papers with such 
diverse themes related personality change during the second decade 
the lives young and pregnancy among prenatal patients 
reporting previous nervous illness.” 

Some these contributions are good scientific standard and interest the 
psychiatrist, e.g. the informative study Knobloch and Pasamanick the distribu- 
tion intellectual potential infant population. Others, especially those 
which lavish use made rating scales doubtful validity, would seem support 
the view expressed the editorial preface that there are areas psychiatry which have 
regressed prescientific level. The discussions the end each section are 
exceedingly uneven, and should have been subjected ruthless editorial cutting. 

the preface the editor expresses the view that “the epidemiology mental 
disorder promises offer some the leads badly need field 
where, now evident, multifactorial causation interwoven with environmental 
variables every level The leads one might get from this book 
not take one the heart any major problem. Since epidemiological studies are 
definition related particular social and cultural settings particular points 
time, they lead results from which difficult derive useful generalizations. 
This lack suggestiveness the most striking feature the present symposium and 
the contribution made the mental disorder not significant one. 


ELIOT SLATER. 


Experiments Personality. Ed. Ph.D. Two volumes. 1960. 
Vol. 262 pages and Vol. 333 pages. London: Routledge and Kegan Paul. 
Price 40s. each. 


These two consist papers various authors describing experimental 
work carried out the Maudsley Hospital. The motif throughout the work 
Eysenck’s theory personality. the first volume are papers Psychogenetics 
and Psychopharmacology, the second papers Psychodiagnostics, Psycho- 
dynamics and Psychometrics. Publication this form was chosen for two reasons. 
First, because the papers form part whole and the unity would lost they 
were published several journals. Secondly, this method presentation permits 
more lengthy theoretical introduction extensive discussion than 
permissible journals. 

Some the papers will appeal only specialist audience: others are more 
general interest. limited appeal perhaps are the papers Broadhurst and 
Slater. Broadhurst describes detail selective breeding experiment for high 
and low defacation responses rats and shows that profound difference the level 
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defacation can produced over ten generations. the second volume Slater 
discusses Factor Analysis and the Canonical Analysis Discriminance, and re- 
examines some apparently contradictory data published from the Department 
Psychology trying achieve synthesis. 

wider interest, particularly the clinician, are the papers Psychopharmacology 
and Psychodiagnostics. The effects some depressant drugs some psychological 
functions such learning, vigilance, reaction time and are described, also 
elaborate testing procedure designed clarify the psychological processes involved 
schizophrenic thought disorder. 

With complex and developing theory such Eysenck’s, modifications need 
made from time time the light the experimental evidence. Some the 
experiments described these volumes support various aspects the theory, some 
refute and some are inconclusive. Our conclusion must that the editor’s theories 
are not proven but these volumes least testify the activity the Psychological 
Department the Maudsley Hospital. 


ELIOT SLATER. 


Measurement Subjective Responses. Quantitative Effects Drugs. 
BEECHER, M.D. 1959. Pp. Oxford University Press. Price 102s. 


This probably the most thorough study ever written the measurement 
subjective states. Dr. Beecher devotes the first part his book the problem 
measuring pain; concludes that existing techniques not enable one differen- 
tiate between pain pure sensation and the context psychological reactions 
which has become embedded. Nor does accept Hardy, Wolff and Goodell’s 
evidence for constancy the pain threshold. the light both clinical and 
experimental study, Dr. Beecher led conclude that there dependable relation 
man between the number pain endings stimulated (or the degree their stimula- 
tion) and the pain evoked; nor between the action analgesics and the experimental 
pain threshold. Indeed believes analgesic agents exert their principal, not 
their entire, effect the reaction component the pain experience. This regarded 
perhaps once the most striking and the most surprising concept come out 
this long study. 

The second part the book concerned with the attempts quantify subjective 
responses drugs which the author and his colleagues have developed the Harvard 
Medical School. The problems discussed include measurement clouding” 
and other subjective effects morphine, sedation and hypnotic states, quantitative 
effects agents, psychotomimetic drugs, and measurement the euphoria 
produced amphetamine. Although the emphasis quantitative treatment all 
costs may seem some excessive (can one really there 
doubt that this book something landmark psychopharmacology. will 
great value all concerned with experimental method neuropsychiatry, especially 
regard the design experiments the psychological effects drugs. 

Dr. Beecher’s bibliography, numbering 1,063 items, can fairly called prodigious. 
ZANGWILL. 


PADIATRIC NEUROLOGY 
Neurology Infancy. ANATOLE DEKABAN, M.D., Ph.D. 1959. Pp. 338. 
London: Tindall Cox, Ltd. Price 96s. 
Increasing attention has recently been paid neurological disorders infancy and 
childhood and one the reasons for this may the varied effects that result from 
the interplay disease the one hand with the developing brain the other. 
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The book opens with useful analysis the anatomical and physiological changes 
that occur the first two years life and also the ways which the neurological 
examination such young children has modified according their age. There 
comprehensive review neurological diseases found infancy, particular atten- 
tion being naturally paid such conditions infections the nervous system, 
cerebral palsy and developmental disorders. Each subject clearly and concisely 
presented and the bibliography the end each chapter considerable asset. 

The more intensive study neurological diseases the first few years life 
certainly encouraged only because the better understanding the early stages 
various chronic affections the nervous system must the first step towards 
prevention. Dr. Dekaban has rendered considerable service gathering together 
information related this subject which tends scattered variety sources 
and providing up-to-date review the way knowledge beginning increase, 
particularly disorders biochemical nature. one working this field can 


fail find this book both helpful and interesting. 
NEIL GORDON. 


Cerebral Palsy and Related Disorders: Developmental Approach. DENHOFF, 
M.D., and IsABEL ROBINAULT, Ph.D. 1960. Pp. London: McGraw 


Hill. Price 93s. 


The Natural History Cerebral BRONSON M.D., and RICHMOND 
M.D. 1959. Pp. xi+299. Oxford University Press. Price 32s. 6d. 


The cheaper these two books the better. The first lengthy, glossy, and 
written style that has always been cumbersome and rapidly becoming meaning- 
less. The authors labour their term syndrome cerebral dysfunction” though 
dysfunction the result disease were new invention; and their patients ambulate 
instead walking. The clinical descriptions the types cerebral palsy are 
inadequate for the serious student, and the illustrations are sentimental rather than 
instructive. Much the book taken discussions the team approach and 
psychological and social problems. Nevertheless the authors have rendered 
service including the hyperkinetic syndrome the field cerebral palsy. 

Crothers and Paine’s has already become standard reference book the subject. 
based analysis 1,821 cases seen over twenty-year period one man and 
his associates, 655 the cases having been actually re-examined. With tables, 
illustrations and short but adequate index this book provides the most compact 
survey cerebral palsy available. restricting themselves presentation 
facts, however, the authors have omitted any interpretation physical signs 
neurophysiological terms and have thus evaded, perhaps with good sense, detailed 


evaluation methods treatment. 
JOHN FOLEY. 


Pediatric Neurosurgery. INA JACKSON and RAYMOND THOMPSON. 564. 
Oxford: Blackwell. Price 

laudable attempt has been made this volume describe the many aspects 
neurological surgery childhood. unfortunate that most the twenty-nine 
contributors have chosen attempt description general neurosurgery with some 
emphasis diseases childhood. This approach very little help those 
neurosurgeons who work children’s hospitals where they are called upon assist 
the care wide variety diseases which are rarely encountered the general 
neurosurgeon. The young patient, with his limited number symptoms and paucity 
signs, rarely comes the pediatric neurosurgeon with clear diagnostic label, but 
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this type difficulty scarcely referred the authors. suspicion the 
lack personal experience reinforced reading statement that 
blastomas occur almost exclusively males,” while the spelling distinguished 
contemporary’s name three different ways one chapter does not inspire confidence. 

admirable survey Dr. Lyle French describes the signs, symptoms and treat- 
ment intracranial tumours. The chapter the editors diagnostic technique 
could scarcely bettered. inevitable that the experienced reader will disagree 
with many the ideas expressed the more general chapters, preferring different 
techniques other kinds treatment. this volume planned for wide reader- 
ship then reference should made other points view. iseven more important 
strike just balance when allotting space different topics, and this the editors 
have failed. example, the non-specialized reader would scarcely guess that the 
five words devoted hemispherectomy refer well-tried operation, helpful 
suitable cases, while the twenty-three pages the surgery involuntary movement 
describe only one the many approaches this problem. 

the opinion this reviewer, the volume fails its avowed purpose 
surgeons few (if any) whom specialize neurosurgery and thus not 
see the problems against background general childhood disease. 


KENNETH TILL. 


560. Springfield, Charles Thomas. Price 12s. 


This book 560 pages concerned with the detailed description the presentation 
and treatment cases spinal space-occupying lesions childhood, together 
with discussion similar cases from other reported series. Each one 
chapters devoted particular pathological variety tumour—and orthodox 
pathological classification adhered to—comprising most types primary and 
secondary neoplasm, and there final section intervertebral disc 
addition there are chapters describing the techniques myelography, post-operative 
care and assessment the value radiotherapy. short summary the 
neurological findings given every case—and one wonders whether diagrams 
illustrating the sensory changes might not have been more instructive some—and 
the difficulties clinical diagnosis are stressed. 

This book will form very useful reference for those called upon deal with these 
uncommon lesions. illustrated and the majority the radiographs 


and myelograms reproduce well. 
VALENTINE LOGUE. 


OCCIPITAL DYSPLASIA 


Stuttgart: Georg Thieme Verlag. Price 

This slim volume compact appraisal the morphology the occiput. The 
pathological described and illustrated terms variation from the 
based study over 500 skulls, many them the Anthropological Institute 
Tiibingen, and half that number skull radiographs selected for their clinico- 
pathological interest. If, therefore, the clinical reader anticipates cold peripatetic 
through the halls basic science will delighted and exceedingly well instructed 
the series plates and drawings. But this not exclusively feast for the 
For those who have sought yardstick for measuring such landmarks 
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clivus and foramen magnum, protractor for clinical geometry, there are tables 
average lengths and breadths and profusion angles. 


The authors have considered the abnormal morphology the occiput both its 
internal and external relations. Basilar impression, the short clivus and atavistic 
traits the occipital are included the former; among the latter appear 
assimilation the atlas and cervical lordosis. The neurological consequences 
these bony changes are dismissed the briefest summaries, befits anatomical 
essay, but way compensation for clinical readers the bibliography includes many 
distinguished papers from Europe and the Americas. 


The three features particular interest the clinician and the student cranio- 
vertebral anomalies are the analysis basilar impression and its breakdown into two 
sub-types, very detailed study the short clivus and consideration the depth 
the posterior fossa function platybasia. This last may compounded 
over-flat basal angles both sagittal and coronal planes. 


CHARLES WELLS. 


HYPOTHERMIA 


Hypothermia for the Neurosurgical ANTONIO M.D. Pp. 124. 
Oxford: Blackwells. Price 48s. 


This most interesting and many ways, exhaustive treatise. mechanism, 
methods and purpose cooling are well described. The resultant changes tissue, 
protection and cardiovascular and electrolytic unbalance are illustrated with many 
diagrams. 


The use ether the anesthetic agent choice seems strange our ideas, 
particularly the presence the diathermy and much electrical apparatus, but this 
common practice America. 


Great reliance placed the production shivering the re-warming stage, 
but many have found that does not inevitably occur. One must amazed the 
thoroughness, and fact complication, the American approach. Some things, 
spinal drainage for instance, are contrary our teachings, but the whole technique 
well reasoned and highly think that all anesthetists working this 
field will find much value this book. 

ROBERT BEAVER. 


SHORTER NOTICES 


Functional Approach Neuro-anatomy. Ph.D., and BEN 
PANSKY, Ph.D. Pp. 494. London: McGraw-Hill. Price 97s. 


This new textbook comprises simplification the standard American works 
neuro-anatomy, its aim being guide the clinician his application basic science 
bedside problems. very freely and clearly illustrated Dr. Pansky who has 
made all the original drawings personally. Many the illustrations are three- 
dimensional, and most them have consideration function well structure 
their format. There for instance interesting series seven pictures explaining 
the outgrowth dermatomes the limb buds, which will particular value the 
clinician. The book comprises most useful compromise between the academically 
detailed textbooks, and the shortened sections neuro-anatomy contained the 
standard clinical works. 
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Neurology Simplified. M.D. Pp. 175. Oxford: Blackwell. 
Price 54s. 


This small book has been written help family doctors suspect neurological 
disease sooner than has been the author’s usual experience. not intended for the 
consultant, and has place undergraduate teaching. Dr. LaFia assistant 
neurosurgery, which explains why the medical neurology limited well simplified. 
Its price will limit its sale. 


Mental Retardation Infants and Children. the late ABRAHAM LEVINSON, M.D., 
and JoHN BIGLER, M.D. Pp. 308. London: Interscience Publishers. 
Price 60s. 


This concise text well presented and illustrated. will useful those working 
the fringe the wide subject its title, but hardly justifies the claim that was 
written for all practising physicians. There are most useful accounts the manage- 
ment mentally handicapped children, their parents, their scientific helpers 
and society the first half the text which concerned with general considera- 
tion the problem. the second half the causes mental deficiency have been 
related the symptom patterns encountered, and full use made the statistical 
method. The book reflects for the novice the views experts. 


Pp. 166. Buenos Aires: Atlas Editorial. 


This well-illustrated monograph gives account the pathological and clinical 
features pre-senile dementia, with special attention the form described 
Arnold Pick. The excellence the illustrations silver-stained preparations reflects 
the influence the Spanish school, and its clinical sections the psychiatric and 
neurological features the disorders are equally stressed. very extensive 
bibliography will help the English-speaking reader who not sufficiently acquainted 
with the wide European literature. 


Cerebrospinal Fluid Dynamics Health and Disease. Bowsuer, M.A., 
M.D. Pp. 80. Oxford: Blackwells. Price 38s. 


The emphasis this short monograph upon the hydrodynamic activity the 
cerebrospinal fluid, its other properties being commented upon simply advancing 
the thesis. unfortunate that the work has appeared almost simultaneously with 
the important contribution the knowledge the anatomy and physiology the 
absorption cerebrospinal fluid Welch and Fieldman this journal, that this 
work, which greatly extends knowledge the subject, could not included. 
The monograph and the extensive literature which reviewed has importance 
the appreciation the nature many the disorders resulting increased 
intracranial pressure, particularly those obscure physiology, such toxic hydro- 
cephalus. 

Reference 
WELCH, KEASLEY and FIELDMAN, VERNER (1960) Brain, 83, 454. 


J.-M. Charcot 1825-1893, His Life—His Work. GUILLAIN, M.D. 
Ed. and Ph.D., M.D. Pp. 202. London: 
Pitmans. Price 

Professor Guillain’s life Charcot, which appeared 1955 gives vivid account 
the times which lived, the conditions work and care the Salpétriére, 
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and the first flowering French neurology. Charcot was the central figure 
the time, the book, which designed like the famous picture Brouillet— 
the setting the Salpétriére, the highlights Charcot, but also clearly portrayed the 
hysterical peasant woman and all his famous contemporaries. 

Dr. Pearce Bailey could thanked for the delightful translation has given us, 
but has also edited the work and provided many scholarly footnotes, mainly 
historical and biographical, which enhance its charm and value. 

balanced history French neurology not missed. 


Papers Hemiballismus and the Basal Ganglia. PURDON 1960. 

Privately printed. Obtainable from Lewis, London. Price 7s. 6d. 

Martin, alone collaboration with others, since 1927. 


Atlas Human Brain and Spinal Cord Sections. Hewitt, M.D. London: 
Pitman Medical Publishing Co. Price 

This slim paperback includes drawings sections throughout the nervous 
system with short typescript description illustrations are simplified 
versions those the standard neuro-anatomical texts, and they are based 
method teaching employed St. Thomas’s Hospital Medical School. The text 
may with profit brought the notice undergraduates. 
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SEVENTH INTERNATIONAL CONGRESS NEUROLOGY 
(Rome, September 10-15, 1961) 


FIFTH INTERNATIONAL CONGRESS 
ELECTROENCEPHALOGRAPHY AND CLINICAL 
NEUROPHYSIOLOGY 


(Rome, September 1961) 


Seventh International Congress Neurology will held Rome, September 
10-15, 1961, under the auspices the World Neurologic Federation and the 
National Institute for Nervous Diseases and Blindness Bethesda. 

The first day will dedicated, together with the general Assembly the Inter- 
national League against Epilepsy and the Fifth International Congress Electro- 
encephalography, the opening Session. 

Monday and Tuesday, September and will given respectively the dis- 
cussion the and the Topic while the Topic and the communications will 
represented respectively Thursday and Friday 15. Symposia will held 
Wednesday September 13, day free other Congress engagements, permit 
interval between the two parts the works. 

Topics are for the first day scientific sessions September disorders 
porphyria, phenylketonuria and whom dedicated the morning 
session, and disorders related liver diseases,” whom dedicated the 
afternoon, both under the Direction Houston Merritt (Rapporteurs: 
Jervis, Pampiglione, Harris, Remington, for the first topic and Okinaka, 
Nayrac, Bickford, Rohmer, Waelsch, Bickel and Geiger, for the 
second). 

The second day September dedicated Disturbances associated with 
Cardiopulmonary Disorders,” under the Direction Bodechtel (Rapporteurs: 
Richter, Gastaut and others for the EEG part). 

The topic the third day scientific sessions September dedicated 
will conducted McDonald Critchley (Rapporteurs: Hoff, Th. Alajouanine, 
Lhermitte, Sir Russell Brain, Bay, Mogens Fog. Grewel, Luria). 

few Symposia will held well, among which particular important one that 
Neurochemistry, which will deal with Lipids, Lipoproteins and Their Metabolism” 
and with Wednesday September 13. Symposium Neurologi- 
cal Genetics will held Sunday September the morning, jointly with the Third 
International Conference Genetics (Rome September 1961). The other 
Symposia will deal with Neurological Geography, History Neurology and Multiple 
Sclerosis. 

The fourth day the Congress September will dedicated the communi- 
cations major topics and free communications, which will first selected the 
Congress Secretariat. The Communications will presented according the Digest 


142 SEVENTH INTERNATIONAL CONGRESS NEUROLOGY 


System, used Brussels 1957, for the International Congress Neurological 
Sciences. Papers are grouped according subject matter and assigned digest 
director who will synthesize and present the substance all the papers assigned his 
group. Authors communications will not present the text their papers except 
special instances. All communications, whether related major topic not, 
will published summarized precirculated booklets provided they reach the 
Office the Secretary-General the Congress before March 15, 1961 
triplicate text with English summary 500 words. 

Official languages are English, French, German and Italian, for which simultaneous 
translation provided. Information Bulletins and Programmes will prepared 
also Spanish. 

The Congress will have three categories membership Active member open 
members the constituent national neurological societies; Associate member, open 
qualified physicians and scientists having interest the Congress: Adjunct member, 
open interested non-professionals and families members the Congress. 
Registration fees are $15 (or equivalent Italian lire) for Active Members; $10 for 
Associate members, for Adjunct members. Banquet and dance will held the 
Palace Tuesday evening, September Tickets for 
the banquet $8, dance $3, total $11, must purchased the time registration and 
are not refundable. 

Any information available from the President the Congress, Prof. Mario 
Gozzano, from the Secretary-General, Dr. Giovanni Alema, the address Viale 
Universita 30, Rome. For the Symposium Neurochemistry, information should 
asked from Dr. Armand Lowenthal, Secretary for Neurochemistry, within the World 
Federation Neurology, 59, rue Philippe Williot, Berchem-Anvers (Belgium). For 
the Symposium Neurological Genetics information obtainable from Prof. Luigi 
Gedda, Istituto Gregorio Mendel, Piazza Galeno Rome. For United States, desig- 
nated from the United States Joint Committee International Neurological Affairs 
National Delegate Dr. James Washington University School Medicine, 
600 Kingshighway, St. Louis. 10, Mo., who will receive issue forms, registration 
applications and fees, and receive and transmit communications the Secretary- 
General. 

The Fifth International Congress Electroencephalography and Clinical Nureo- 
physiology will held from September 1961. 

Topics will distributed follows: the morning the first day the topic 
Between Unit Activity and Electroencephalogram,” will directed 
Prof. Magoun (Rapporteurs: Jasper, Moruzzi and Purpura). the 
afternoon Phylogenetics” (Rapporteurs: Smirnov, Gusselnikov and Voronin); 
projections systems cortex and their function according animal species 
and cortical organization” (Rapporteur: Dell); and (Rapporteur: 
Hess). 

the second day Round Table will held, Electrography 
will submit report and Physiology Behaviour” and Walter and 
Storm van Leeuwen on: “The Analysis EEG Information.” 

The topic Non-epileptic Paroxysmal Disturbances” will presented 
the morning the third day, under the direction Radermecker (Rapporteurs: 

The fourth day, Sunday September 10, dedicated the Meeting the Inter- 
national League against Epilepsy the morning and will deal exclusively with “Epilepsy 
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Passouant, Kellaway, Th. Alajouanine, Castaignes, Lorentz Haas). 
the afternoon will the opening Session the two Congressses. 

The fifth and the sixth days, September and are reserved for the Joint Meetings 
with the Seventh International Congress Neurology, while the seventh reserved for 
communications. 

Registration fees and other modalities are the same those established for the 
Congress Neurology. The official banquet and dance will held joint this 
Congress. 

Any information obtainable from the President the Congress, Prof. Mario 
Gozzano, from the Secretary-General, Dr. Raffaello Vizioli, Viale Universita 
30, Roma. 

General Treasurer for both Congresses Dr. Gian Franco Ricci, the same 
address. 


